Risk factors for upper limb fractures in children by Ma, D
Risk factors for upper limb fractures in children 
By 
(Deqiong Ma, Bachelor of Medicine, MMed) 
Submitted in fulfillment of the 
Requirements for the Degree of 
Doctor of Philosophy 
University of Tasmania (April, 2004) 
Summary 
Fractures in younger life are very common especially those involving the upper limb. 
However, the causes of these fractures are poorly understood. The aim of this population 
based case-control study was to evaluate the association of both bone dependent and 
independent factors with upper limb fracture risk in children 9-16 years of age. Areal 
(aBMD) and apparent (BMAD) bone mineral density were measured by dual energy X-
ray absorptiometry (DXA). Skeletal age (SA) and metacarpal index (MI) was determined 
by hand radiograph. Types and patterns of physical activity, risk taking and diet were 
assessed by interview-administered questionnaires. Coordination was measured using the 
8-point movement ABC. A total of 321 fracture cases and 321 randomly selected age-
and gender- matched controls were recruited. Fracture sites were as follow: hand: n=91, 
wrist and forearm: n=190, upper arm: n=40. Conditional logistic regression analysis 
showed wrist and forearm fracture risk was significantly associated with lumbar spine 
BMAD (OR: 1.52/SD reduction, 95% CI 1.18-1.96), MI (OR: 1.43/SD reduction, 95% CI 
1.14-2.20), light physical activity (OR: 0.81/unit, 95% CI 0.65-1.00), cola consumption 
(OR: 1.43/category, 95% CI 1.08-1.88) but conclusions may be limited by sample size 
considerations. Obesity or overweight was not associated with any fracture type. For total 
fractures, there was a gender discordant effect of sports participation with an increased 
fracture risk in boys and decreased fracture risk in girls which reached statistical 
significance for total, contact, non-contact and high-risk sports participation as well as 
four individual sports (soccer, cricket, surfing and swimming). In conclusion, both bone 
dependent and independent factors are important determinants of upper limb fracture risk 
in children. There is heterogeneity of cause for both gender and different fracture sites 
that will necessitate different approaches to prevention. 
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Synopsis 
Synopsis 	 2 
Fractures are a common and significant injury in children. Overall fracture 
incidence is bimodal with peaks in the young and the old. Fracture incidence 
increases dramatically between 10 to 15 years of age especially for upper limb 
fractures. Although the incidence of children's fractures is extremely variable, the 
high incidence combined with possible growth disturbance and impaired 
attainment of peak bone mass indicate the need for greater efforts to identify 
fracture risk factors in children. 
The goals for studying children's fractures have changed over the last 60 
years moving from identifying the most common bones fractures and how they 
heal to gathering data in an attempt to decrease the incidence of fractures by 
establishing preventive programs. Therefore, it is important to develop an accurate 
picture of how, when, and why fractures occur in children. 
The work described in this thesis focuses on the risk factors for fractures in 
children. 
Chapter 1 covers the existing relevant literature associated with 
epidemiology and pathophysiology of fractures in children, as well as the 
identified and potential fracture risk factors in children. 
Chapter 2 describes the research protocol of this study including research 
background and questions. 
Chapter 3 describes the research methodology. 
Chapter 4 presents the results from a cross-sectional study conducted in a 
pre-pubertal population. The aim was to investigate the association between 
clinical risk factors, bone density and prevalent fractures in pre-pubertal children. 
In this study, bone mineral density (BMD) in lumbar spine, femoral neck and total 
body bone was assessed by dual-energy X-ray absorptiometry (DXA, Hologic 
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QDR2000). Extensive data on risk factors was collected by measurement and 
questionnaires. Of 324 children, 32 (10%) had a prevalent fracture (upper limb 
69%). Most fractures were due to low energy falls at home (69%). Children with 
fractures were older (p=0.038), had higher levels of sports participation (p=0.028), 
lower levels of breastfeeding (p=0.046) and a trend to higher usage of inhaled 
corticosteroids in the last year (p=0.051). However, both BMD and apparent 
BMD were virtually identical between those with and without prevalent fracture. 
No differences were observed in the proportion of maternal fractures, maternal 
smoking during pregnancy, ever asthma and oral prednisolone in last year (all 
p>0.05). Both groups also had a similar proportion in mothers with tertiary 
education and paternal unemployment. A final model incorporating age, weight, 
height, ever breastfed, sports participation and inhaled corticosteroid usage 
accounted for 10% of the variability in the odds of fracture (p=0.03). These 
results suggest that BMD may be less important than clinical risk factors for total 
fracture risk in prepubertal children. These findings merit further investigations in 
larger populations with less heterogeneity in fracture types. 
Chapters 5-9 present the results from a population based case-control 
study of upper limb fractures in children aged 9-16 years. Chapters 5-6 cover bone 
dependent factors, and Chapter 7-9 focus on bone independent factors. 
In Chapter 5, the aim was to evaluate the association between bone 
mineral density and metacarpal morphometry and upper limb fracture risk in 
children aged 9-16 years. Areal (aBMD) and apparent (BMAD) bone mineral 
density were measured by both dual energy absorptiometry (DXA) and 
metacarpal index (MI) by hand radiograph. A total of 321 fracture cases and 321 
randomly selected individually matched controls were studied. For all fractures, 
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cases had lower DXA measures at all sites (1.1-3.3%, all p<0.05). A larger 
reduction was observed for those with wrist and forearm fractures (1.2 -4.5%, all 
p<0.05 except total body BMAD) but not other upper limb fractures (hand: -1.6- 
+1.2%; upper arm: 0.9-4.8%, all p>0.05). For metacarpal measures, cases had a 
thinner cortical width and lower metacarpal index for wrist and forearm fractures 
only. In multivariate modeling, both spine BMAD (OR:1.4/SD reduction) and MI 
(OR: 1.5/SD reduction) remained statistically significant predictors of wrist and 
forearm fractures. These results suggest both DXA measures and MI are 
independently associated with wrist and forearm but not other upper limb 
fractures. The magnitude of this association is somewhat weaker than in adults but 
suggests that optimizing age-appropriate bone mass will lessen the risk of fracture 
in children. 
Chapter 6 describes the association between skeletal age deviation (SAD: 
skeletal age minus chronological age), bone density and upper limb fractures. 
Skeletal age was assessed by Tanner-Whitehouse 2 method. There were no 
significant differences in skeletal age or chronological age between fracture cases 
and controls. However, SAD was positively associated with BMD at all sites (r = 
0.33-0.35, all p<0.05) and MI (r = 0.20, p<0.05), which reduced but remained 
significant at most sites after adjustment for body size, age and sex. SAD was also 
associated with total, hand and female fracture risk (all p<0.05). The fracture 
associations became non-significant after adjustment for BMD and MI in all 
subgroups with the exception of hand fractures (OR 0.67/year, 95% CI 0.47-0.96). 
In conclusion, SAD is positively associated with both measures of bone strength 
and upper limb fractures in children. SAD is simple to measure and gives both 
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useful and additional information regarding bone health and fracture risk in 
children. 
Increasing sports participation and higher physical activity level have been 
hypothesized as a reason for the high fracture rate in adolescence. The aim of 
Chapter 7 was to describe the association between types and patterns of physical 
activity and upper limb fracture risk. The amount of time spent television 
watching, types and patterns of physical activity were determined by interview-
administered questionnaire. In general, sports participation increased total upper 
limb fracture risk in boys and decreased fracture risk in girls. Gender-specific risk 
estimates were significantly different for total, contact, non-contact and high-risk 
sports participation as well as four individual sports (soccer, cricket, surfing and 
swimming). In multivariate analysis, time spent television, computer and video 
viewing in both sexes was positively associated with wrist and forearm fracture 
risk (OR 1.6/category, 95% CI: 1.1-2.2) while days involved in light physical 
activity participation decreased fracture risk (OR 0.8/category, 95% CI: 0.7-1.0). 
Sports participation increased hand (OR 1.5/sport, 95% CI: 1.1-2.0) and upper 
arm (OR 29.8/sport, 95% CI: 1.7-535) fracture risk in boys only and decreased 
wrist and forearm fracture risk in girls only (OR 0.5/sport, 95% CI: 0.3-0.9). 
Adjustment for bone density and metacarpal morphometry did not alter these 
associations. These results indicate there is gender discordance with regard to 
sports participation and fracture risk in children which may reflect different 
approaches to sport. Importantly, television, computer and video viewing has a 
dose dependent association with wrist and forearm fractures while light physical 
activity is protective. The mechanism is unclear but may involve bone 
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independent factors or less likely changes in bone quality not detected by DXA or 
metacarpal morphometry. 
The aim of Chapter 8 was to examine the association between risk-taking 
behaviour, motor coordination and upper limb fractures in children aged 9-16 
years. Risk-taking behaviour was determined by a 5-item interview-administered 
questionnaire. Coordination was assessed by the 8-point movement ABC that tests 
manual dexterity, ball skills and static and dynamic balance. In general, there was 
heterogeneity by fracture site with regard to associations. Risk-taking behaviour 
was associated with hand fracture risk but not other fracture sites for cycling 
behaviour (OR: 2.0/category, 95% CI: 1.1-3.7), dare behaviour (OR: 3.3/category, 
95% CI: 1.1-10.0) and total risk-taking score (OR: 2.6/category, 95% CI: 1.3-5.7). 
Conversely, coordination measures were associated with wrist and forearm 
fractures only: cutting/threading (OR: 1.2/unit, 95% CI: 1.0-1.4); flower trail 
(OR: 1.2/unit, 95% CI: 1.0-1.4) and dynamic balance score (OR: 1.1/unit, 95% 
CI: 1.0-1.2). Backward stepwise analysis selected the total risk taking score for 
hand fracture and the dynamic balance score for wrist and forearm fracture. 
Neither risk-taking nor coordination scores were associated with upper arm 
fractures. These associations were unchanged following further adjustment for 
bone mass. These findings suggest that the propensity to take risks is most 
strongly associated with hand fracture risk while dynamic balance is most strongly 
associated with wrist and forearm fracture risk in children. These results inform 
the development of fracture prevention strategies in children. 
Carbonated beverages have been reported to increase fracture risk in 
children but the mechanism is unclear. The aim of Chapter 9 was to investigate 
the association between soft drink and milk consumption, physical activity, bone 
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mass and upper limb fractures in children aged 9-16 years. Total 206 fracture 
cases and randomly selected individually matched controls who completed the 
questionnaire were remained in this study. There were 47 hand fractures; 128 
wrist and forearm fractures and 31 upper arm fractures. An interviewer-
administered questionnaire was utilised to assess physical activity and to recall the 
average weekly consumption of milk, colas and total carbonated drinks. Bone 
strength was assessed by dual energy X-ray absorptiometry (DXA) and 
metacarpal morphometry. For total fractures, no drink type was significantly 
different between cases and controls. For wrist and forearm fractures, there was a 
positive deleterious association between cola drink consumption and fracture risk 
(OR: 1.39/unit, 95% CI: 1.01, 1.91). Cola consumption was significantly 
correlated with television, computer and video watching (r=0.20, p=0.001) but not 
bone density or milk drinks. After adjustment for the former two factors, the 
association between cola drinks and fracture risk became non-significant (OR: 
1.31/unit, 95% CI: 0.94, 1.83). No association with other fracture sites was 
observed. In conclusion, cola but not total carbonated beverage consumption is 
associated with increased wrist and forearm fracture risk in children. However, 
this association is not independent of other factors and appears to be mediated by 
television watching and bone density but not by decreased milk intake. 
Chapter 10 is a summary of this project and provides some opinions on 
future directions. Both interventional and longitudinal studies are necessary to 
follow up the findings from this case-control study. 
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Chapter I 
Literature Review of Fractures in Children 
Chapter I: Literature review of fractures in children 	 9 
In many developed countries over the past decades, injury has surpassed 
. other diseases and become a leading cause of morbidity and mortality in children. 
Fractures are a common and significant injury in children. They constitute 10- 
25% of all paediatric injuries. (1 ' 2) Most types of fracture dramatically increase 
around puberty. (3-5) A high fracture incidence (3 ' 6-8) combined with possible 
growth disturbance (9) and impaired attainment of peak bone mass (10) make the 
study of fracture in children a priority for public health. 
This overview of the literature aims to describe the general features of 
fractures in children, the epidemiological contributions in this area and the 
potential etiology of fractures in children. All this information may be of use in 
formulating etiologic hypothesis and developing preventive measures. 
1.1 	General features of fractures in children 
Children differ from adults qualitatively and quantitatively. The most 
obvious difference between children and adults is that children are growing. The 
unique anatomy and mechanical properties of the growing bones appears to lead to 
fracture patterns not seen in adulthood. This part covers the general features of 
fractures in children. 
1.1.1 Accurate description of fracture in children 
The definition of a fracture is a break in the continuity of bone and/or 
cartilage. In contrast to the complex mechanical forces which break bones in. 
adults, fractures in children often result from simple injuries such as minor twists, 
falls on the outstretched arm and hand, fall from swing sets, etc. The types of 
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breaks are characteristic and prognosis is good although a few fractures such as 
Salter-Harris V and tibial fractures have serious implications. An accurate 
description of a fracture in children include: 1) age of fracture; 2) bone fractured 
and side; 3) open (there is an opening from the fracture to the surface of the skin) 
or closed (there is no communication from the fracture to the surface of the skin); 
4) displacement or stability; 5) what area of the bone; 6) fracture pattern; 7) Salter-
Harris classification if applicable. 
1.1.2 Unique mechanical properties and fracture pattern 
The mechanical properties of musculoskeletal tissues change constantly 
during life. These changes are present in the physical properties of bone as 
structures and the material properties of bone as a tissue. Basically, there are two 
unique anatomies or structures in children, which leads to unique fracture patterns 
in children. (11) 
Firstly, the most noticeable characteristic is that children's bones have 
growth plates (epiphyseal plate), which are responsible for the longitudinal growth 
of a bone. This growth cartilage is found in the epiphyseal plate and is the 
consistency of hard rubber. Figure 1-1 shows the epiphyseal cartilages in child's 
bones as opposed to the epiphyseal lines in adults' bones. In children, when it is 
thick, the epiphysis can be rocked slightly on the metaphysis because of elasticity 
of the plate. This protects the bones from injury, particularly crushing injuries to 
the joint surfaces typically seen in adults. 
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Figure 1-1: X-ray of hand. Right: an X-ray of growing epiphyseal 
cartilages (arrows); Left: an X-ray of epiphyseal lines in an 
adult (arrows) 
On the other hand, it becomes easier to produce epiphyseal separation in 
children because the growth plate is relatively weak. Injury to the growth plate can 
be minor or severe. The fractures passing through this place are called Salter-Harris 
fractures, which are classified by Salter-Harris classification according to 
radiographic appearance. The advantages of having growth plates are: 1) the 
growing bone will correct their own shape. 2) remodeling will attempt to straighten 
the fractured bone out over time. The closer the fracture is to a growth plate, the 
more it can remodel. On the other hand, severe injury may disturb growth, which 
will be explained further in 1.1.3. 
Secondly, children's bones are surrounded by a thick vascular sheath 
called periosteum, which is responsible for the growth in thickness. In children the 
periosteum is much thicker, stronger and much less readily torn, and produces 
callus more quickly and in greater amounts than in adults. It externally connects 
the epiphysis and the metaphysis, providing considerable strength and it is the 
continuity of the periosteum that determines whether a fracture is displaced. 
Thus, this thick periosteum can impart some stability to a fracture, and it 
is difficult to produce dislocations in children as well due to this strong 
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periosteum. It also allows for fast fracture healing because it is very vascular and 
active. 
As to material properties, the density of a young bone is less than that of 
an adult, although the osteoid is not significantly less calcified. Young bone is 
more porous. The cortex is pitted and can be cut easily because haversian canals 
occupy a large part of the bone. Meanwhile, pores prevent the extension of a 
fracture line. On the other hand, the arrangement of the protein making up a 
child's bone allows the bone to be more plastic so that bones can bend a lot before 
they break. The most commonly bent bones are in the forearm, usually as a result 
of falls. This allows for different types of fractures seen in children and not the 
adult. A toros fracture or buckle fracture is a term used for a distal radius fracture 
in which the back cortex is disrupted from a compression injury, while the front 
cortex is stretched but does not break. A greenstick fracture refers to a fracture 
where one side of the bone breaks from a distracting force while the other side 
bends but stays intact. Plastic deformation refers to the bone bending but 
remaining intact. 
1.1.3 Unique pathophysiology of fractures 
As mentioned above, growing is the most obvious difference between 
children and adults. It contributes to problems and complications sometimes and at 
other times tends to resolve them. This part covers the characteristics of 
pathophysiology of fractures in children. 
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1.1.3.1 Growth 
The possible consequences of fracture in children which might influence 
growth are: 1) Growth arrest; 2) Bony bridge; 3) Growth stimulation. (12) 
Growth arrest can be seen in the Salter-Harris type V epiphyseal injury 
(Figure 1-2), cells of the growth plate are injured by compression, but there is no 
actual disruption or fracture of the plate. Therefore, by definition, radiographs 
taken after the injury are normal, and the diagnosis of a type V fracture can only be 
made in retrospect. The cells at the tips of the cell columns produce growth in the 
growth plate, and their blood supply comes from the epiphyseal side and passes 
through the small cell layer of the growth plate to ramify at the tips of the columns. 
The existence of a type V fracture assumes that this blood supply can be 
interrupted by compression or micro-fracture without gross disruption of the plate. 
Ibaa1 
Figure 1-2: Salter-Harris type V fracture 
A bony bridge can be seen in certain fractures, which tether the bone of the 
epiphysis to that of the metaphysis and prevent further growth. Figure 1-3 shows a 
diagram of such a fracture and illustrates how the bone of the epiphysis of the 
displaced fracture fragment can come to lie in apposition to the bone of the 
 
Chapter I: Literature review offractures in children 	 14 
metaphysis. It is clear that healing in this area will tether the epiphysis to the 
metaphysis and prevent further longitudinal growth. 
Figure 1-3: Salter-Harris type IV fracture. Arrow shows 
the place where could form bony bridge 
Finally, it is common knowledge that fractures of the femur have a 
tendency to overgrow in children. An un-displaced fracture of the shaft of the 
femur will, over 1-2 years, cause the femur to be about lcm longer that the other 
one. This is possibly due to the hypervascularity associated with the healing 
fracture, which causes the increased nutrition to the neighboring growth cartilage. 
A particularly interesting example of overgrowth, however, is that of the valgus 
deformity, which tends to occur following fractures of the proximal tibial 
metaphysis. This deformity may represent a malunion, but in most cases results 
from a growth disturbance. 
1.1.3.2 Healing 
The rate of healing of a fracture slows with age. In general, children have 
rapid healing ability. For a femoral fracture, it takes one week to heal in the 
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newborn, four weeks in the 5-year-old, eight weeks in the 10-year-old, three 
months in the adolescent, and four months or longer in the adults. 
1.1.3.3 Remodeling 
Growth allows a greater degree of remodeling than is possible in adults. As 
a bone increases in length and girth, the irregularities produced by fractures 
become blurred to some extent, more by rounding the excrescences than by 
alteration in the alignment of the bone. 
There are two methods of remodeling for fractures in children. The first 
form of remodeling, described by Wolff in the late 19th century, (13) involves the 
laying down of new bone where it is needed and the removal of bone where it is 
not. In angulated fractures, for example, bone is laid down in the concavity and is 
removed from the convexity, with the result that the bone tends to become straight. 
This kind of remodeling does take place in adults, but the process is more efficient 
in children. The second one occurs in accordance with the Heuter-Vollcman law, 
which states that the growth plate tends to align itself perpendicular to the resultant 
force acting across it. This means that asymmetrical growth of the physis can 
actually change the orientation of the joint at the end of bone. This form of 
remodeling is unique to children. 
1.2 	Epidemiology of fractures in children 
Over the last 60 years, the goals of fracture studies in children have 
changed from identifying the most common bones fractured and treatment options 
to gathering data in an attempt to decrease the incidence of fractures by 
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establishing preventive programs. The information might help us explore the 
mechanisms of the fractures unique to children. 
1.2.1 General features of fracture incidence 
The incidence of children's fractures is extremely variable. It can vary 
with the child's age, gender, the season of the year, cultural and environmental 
climates, and the hour of the day, to name just a few factors. As a culture changes 
from a rural to an urban setting, the injury patterns may change as well. 
Nevertheless, the reports from different countries still have the similar findings 
particularly in gender-, age-specific fracture incidence and the secular trend of 
fracture incidence. (3-8) This part covers these general features of fracture 
incidence. 
1.2.1.1 Gender specific incidence 
The first systematic fracture incidence report in children is from Landin. (3) 
It remains a landmark on the subject. The predominance of boys is a common 
finding in all investigations of fractures in children. (3, 14-16) In Landin's series 
from Malmo, Sweden, the chance of a child suffering a fracture during childhood 
(birth to age 16) was 42% for boys and 27% for girls. When considered on an 
annual basis, 2.1% of all the children (2.6% for boys, 1.7% for girls) suffered at 
least one fracture each year. 
In some age groups, there is little difference in the incidence of fractures 
between boys and girls. For example, during the first 2 years, the overall 
incidence of injuries and fractures in both genders is nearly equal. With activities 
in which there is male difference in participation, such as with sports equipment 
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and bicycles, there is a marked increase in the incidence of injuries in boys. (17) 
For all age groups, the overall ratio of boys to girls who suffer a single fracture is 
2.7:1. (16) From another study in Nottingham, UK, however, the children's fracture 
risk seems to be about the same, and the results have been compared with the 
observations from Malmo as close in time as possible and using corresponding 
18) age groups, ( wnere the overall chance of fracture per year was about the same 
in girls and boys at 1.6% for both outpatients and inpatients. 
1.2.1.2 Age specific incidence 
Overall fracture incidence is bimodal, with peaks in the young and the old 
due to osteoporosis (Figure 1-4). (19, 20) 
Figure 1-4: Annual age- and sex-specific incidence of all fractures in 
southern Tasmania. (Data from Jones G and Cooley HM (19,20)) 
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During childhood, fracture incidence by age group is correlated with 
incidence of injuries and has a slight gender difference. (Figure 1-5) Generally, 
starting with birth and extending to age 12, all the major series that segregated 
patients by age group have demonstrated a linear increase in the annual incidence 
of injuries and fractures with age. The risk of sustaining a bone injury increased in 
children of both sexes until the age of 11 or 12 years and then decreased in girls 
but increased further in boys. As to the peak fracture incidence, in general, 
fracture incidence peaks at age 10-12 years old in girls and at age of 12-14 years 
old in boys. Coincidently, the age for incident peak in girls is corresponding to the 
growth spurt with the same pubertal development stage as the age in boys. (3 ' 5 ' 16 ' 
18,21,22) 
The results from Southern Tasmania (19) reported a different peak fracture 
incidence to previous studies. In general, the peak total fracture incidence was 15- 
19 years in males and 10-14 years in females, (Figure 1-4) which did not coincide 
with the timing of peak height velocity. However, the peak fracture incidence of 
forearm fractures in both sexes was considerably before peak growth velocity, 
which is earlier than previous reports. 	5, 16, 18, 21, 22) s. 
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' Figure 1-5: The age- and sex-specific incidence of all fractures in children ages 
birth to 16 years. (Data from Landin's study (3)) 
1.2.1.3 Secular trend 
A trend to increasing fracture incidence over time has been reported in 
many countries. (3 ' 6-8) From 1950 to 1979, the total fracture incidence in Malmo 
doubled in both boys and girls. During that time, sports and various equipment-
related playing activities increased as a cause of fracture by a factor of five. Low-
energy trauma was responsible for the increase, whereas severe traffic accidents 
decreased. The increasing incidence did not seem to be related to an increasing 
tendency to seek medical advice or to wider indications to refer the injured child 
for a radiographic examination. Injuries that may not come to medical attention 
(such as avulsion fractures of the ankle or phalanges of the hand) did not increase. 
Since 1979, the number of fractures has not increased further. Indeed, in a follow-
up study covering the years 1993 and 1994 in Malmo, the incidence was actually 
dropped compared to 1975-1979. (23) The decrease was not associated with any 
specific type of fracture or etiological factor. Fractures of the distal forearm 
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among girls were an exception to the general decline, having increased by one 
third since 1975-1979, which is possibly due to girls participating to a greater 
extent in the same sports as boys. However, another population based report from 
Japan has shown the fracture incidence has increased in boys between 1986 and 
1995. (8) The same tendency has been also reported from hospital based fracture 
studies in US and New Zealand. (24,25)  
1.2.2 Specific features of fracture pattern 
The studies on fracture pattern in children might be helpful in 
understanding the etiology as has been shown for osteoporotic fractures. This part 
covers the specific features of fracture pattern in children. 
The unique properties of the growing bones, which is characterized by 
increased mineralization with age, physical activities and psychomotor 
development, make the fracture pattern in children different from that seen in 
adults or the elderly, in whom the loss of bone mass causes the typical pattern of 
fragility fractures. 
Early reports of children's fractures lumped together the different fractures, 
and fractures were reported only as to the long bone involved (eg, radius, humerus, 
femur). (14, 15, 26, 27) More recent reports have a split fractures into the more specific 
areas of the long bone involved (eg, the distal radius, the radial neck, the 	i 
supracondylar area of the humerus). (3, 16, 18, 21, 28) This change in reporting has 
produced a more accurate picture of the true incidence of each specific fracture 
type. 
Generally, in children, fractures in the upper extremity are much more 
common than those in the lower extremity. ( 3,14.19, 24, 25) Overall, the radius is the 
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most commonly fractured long bone. In the lower extremity, the tibia is more 
common than fractures of the femur. The most common skeletal injury in children 
is the end of distal forearm, which constitutes nearly 25% of all fractures, (3) 
followed by fractures of the phalanges of the hand and of the carpal and metacarpal 
region. (Table 1-1) (29) 
Table1-1: The frequency of the most common fracture types (3) 
Fracture bone sites Percentage 
Distal forearm 22.7 
Hand, phalanges 18.9 
Carpal-metacarpal (scaphoid excluded) 8.3 
Clavicle 8.1 
Ankle 5.5 
Tibia, diaphysis 5.0 
Tarsal-metatarsal (talus, os calcis excluded) 4.5 
Foot, phalanges 3.4 
Radius-ulna, diaphysis 3.4 
Supracondylar region of the humerus 3.3 
Proximal end of the humerus 2.2 
Facial skeleton • 2.1 
Skull 1.8 
Femur shaft 1.6 
Radial neck fracture 1.2 
Vertebral fracture 1.2 
Data in the above table are mainly from a Swedish urban population. When 
32 27 19 15,, 	,) investigations are compared from different parts of the world, ( 	 the 
relative frequency of the various types of fracture in children is by and large the 
same even though this incidence varies. An exception to this pattern is in Austria, 
(33) where fractures of the tibial diaphysis were the most common with seventy 
percent being caused by downhill skiing. Landin concluded that the fracture pattern 
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in children is virtually the same in various parts of the world and that differences in 
frequencies can be explained by external factors and also by variations in 
registration procedures rather than genetic factors. This is in contrast to bone injury 
in old age, such as hip fractures, where ethnic factors and loss of bone mass play a 
role. (29) 
The incidence of fractures in Tasmania will be discussed in Chapter 2. 
1.2.3 	Etiology of fracture in children 
It is important to look for common causes of fractures, for this can 
identify areas to which preventive health programs can be directed. Any increases 
or decreases in these causes should also be sought. In reviewing the major series of 
fractures, there appear to be four main areas: home activities, school activities, 
sports and motor vehicle accidents. These are not pure categories: for example 
children can be injured while playing sports and recreational events at school. 
However, these four categories are the most common areas where children sustain 
fractures. (Table 1-2) (30) 
Table 1-2: Summary of etiologic factors in children's fractures (3) 
Home environment 
37% of all children's fractures 
School environment 
Occur in only 5-10% of all school-related injuries, about 20% of all children's fractures 
Sports events 
20% of the total sporting injuries involved a fracture. Highest risk sports: football, basketball, 
gymnastics 
Motor vehicle accidents (MVAs) 
Higher incidence of femur fractures in vehicle-pedestrian accidents in children 
Children have a higher incidence of spinal and pelvic fractures with MVAs than with other 
mechanisms 
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As mentioned in 1.2.2, the distal forearm is the most common fracture 
site during childhood and adolescence. Figure 1-6 shows the frequency of 
occurrence of the four most common fracture areas in children. The figures express 
the percentage of total fractures for that age group and represent males and females 
combined. Most of these fractures occur after light trauma, typically after a fall 
during physical activity. (3, 5, 22, 23, 31) Falls have also been associated particularly 
1 22, 3) with forearm fractures. (3,5, 	The fall related factors such as risk-taking 
behaviour and coordination will be discussed in 1.3.3. 
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Figure 1-6: The frequency of occurrence of the four most common fracture areas 
in children. (Data from Cheng (16)) 
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1.3 	Prediction of fracture risk 
Studies of fracture risk in children are few and still at the stage of 
identification of risk factors. Those studies that have been performed are often 
retrospective with small sample size and incomplete ascertainment of potential risk 
factors. There is limited support in the literature for a role of, and possibly an 
interaction between, rapid growth, pubertal stage, leisure time activity and bone 
mass in fracture etiology in this age group. 
In general, fracture risk is likely to be a combination of bone-dependent 
and bone-independent factors. Thus, the prediction of fracture risk should include a 
comprehensive assessment of bone-dependent and bone-independent factors. (34) 
1.3.1 Biomechanics of fracture risk 
From the engineering point of view, the design of failure-resistant 
structures requires important information on the geometry of the structures, the 
mechanical properties of the materials from which the structure is made and the 
location and direction of the loads to which the structure is subjected in service. 
Based on these data, engineering theories can be used to estimate the internal force 
intensities (or stresses) and the factor of safety (the ratio of the material strength to 
the imposed stresses at each point in the structure) could be calculated accordingly. 
The inverse of the safety factor thus provides a convenient measure of fracture rsik 
under a particular set of loading conditions. 
Fracture prediction in the human skeleton is complicated by the 
considerable uncertainty about the loads to which skeletal regions, such as radius 
and hip, are subjected during the activities of daily living. Even less is known 
about the forces generated as a result of a traumatic event such as a fall. Moreover, 
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skeletal regions at high risk of age-related fractures exhibit far more complex 
geometries than most engineering structures, and these geometries can change with 
age and bone remodeling. As a consequence, it is far more complicated to estimate 
the internal stresses generated in the skeleton as a result of normal or traumatic in 
vivo loads. In addition, a number of factors such as density, microstructure, and 
morphologic characteristics influence the mechanical properties of cortical and 
trabecular bone. (35 ' 36) These properties not only exhibit marked spatial 
heterogeneity but also change dramatically with age. 
In view of these complexities, it is not surprising that very little is known 
about the risk factors that exist in skeletal regions under the loads associated with 
either normal daily activity or traumatic events. Nonetheless, realizing that 
engineering failure prediction requires information on loads, geometry, and 
mechanical properties, it does show us the possible directions of the fracture risk 
related studies. 
1.3.2 	Bone dependent factors 
Ecologic studies have suggested that fracture incidence in children 
increases around Tanner stage 3 in both boys and girls as mentioned in 1.2.1.2. (3 ' 5 ' 
16, 18, 21, 22) The studies also suggest that it may occur around the time of peak 
growth velocity. (3 ' 5) There are a number of possible explanations for this 
observation both exogenous and endogenous. Endogenous factors are bone 
dependent factors. Bone mass itself and the factors related to the quality and 
quantity of bone mass are so-called bone dependent factors. This section covers the 
epidemiological evidence on the relationship between bone mass and fractures in 
children and the clinical instruments for bone mass measurement as well as the 
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determinants of bone mass. 
As mentioned in 1.2, a few reports have shown that the peak fracture 
incidence in both genders occurs at or slightly before the time when the ratio of 
metaphyseal/diaphyseal density is the lowest and peak height velocity is reached 
during the pubertal growth spurt (5 ' 23 ' 37 ' 38) although this is not totally true in our 
Southern Tasmania population (see Chapter 2). (19) This observation has been 
related to the fact that peak height velocity occurs earlier than peak bone mass 
accrual, and this dissociation between growth curves for bone length and bone 
mass generally is thought to cause a transient relative bone weakness. (21,37-40) 
Based on the evidence, low bone density seems a biologically plausible reason for 
fracture in children. 
The available cross-sectional and case-control studies in children are few, 
and the association of bone mass with fractures remains contradictory. Landin (41) 
and Chan (42) reported a 7-8% reduction of forearm bone mineral content in total 
fracture cases. Cook et al., (43) however, found there was no difference in spine and 
femoral neck BMD between cases with traumatic fractures and controls. Recent 
studies from New Zealand (31 ' ") using DXA measurement with a larger sample 
size reported cases with distal forearm fractures had lower aBMD throughout all 
bone sites in both boys and girls. In contrast to this, a separate study using CT 
measurement of bone mass revealed no reduction in radius cancellous, integral and 
cortical bone densities in cases with forearm fractures. (45) All studies have 
variations with regard to the age group, choice of controls and fracture type 
studied. These factors when combined with generally small sample sizes are likely 
to explain some of the inconsistency. 
Chapter I: Literature review offractures in children 	 27 
On the other hand, other bone strength related factors such as cortical 
thickness, biomechanics and microstructure may also be important in fracture 
etiology in children. A cross-sectional study from Rauch, et al. (46) has indirectly 
confirmed this hypothesis. Their results indicated that bone strength at the distal 
radius lags behind the increase in mechanical challenge during growth because 
cortical thickness fails to increase. Rapid endocortical apposition is necessary just 
to keep metaphyseal cortical thickness constant. During phases of increased 
growth, endocortical apposition apparently cannot be increased further to levels 
that would be necessary to keep bone strength adapted to the mechanical 
challenges. However, so far no fracture study has been performed. One possible 
reason is due to the available measurement techniques as these factors are difficult 
to assess in children due to concerns about radiation exposure. 
1.3.3 Clinical assessment of bone strength 
Bone strength could be determined through the measurement of some 
biomechanical aspects of bone including material properties, geometry of the bone, 
micro-architecture of the bone and the distribution of material properties, which 
could be expressed as volumetric density, i.e., the amount of bony tissue per unit of 
volume, by outer bone dimensions, by intraosseous microarchitecture, and by 
intrinsic bone quality. (47) 
Early approaches to measuring bone included the use of X-rays and 
emphasized morphological information. Radiogrammetry of cortical bone is a 
simple and reproducible method which measures bone mass indirectly. Changes in 
cortical width show a high degree of correlation with the changes in mass of 
cortical bones but trabecular bone is not measured. This measurement certainly has 
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added to the knowledge of changes in cortical bone. It allows the effect of growth 
to be studied separately on the outer or periosteal diameter and the inner or 
medullary diameter. Later attempts were made to quantify this information. During 
the last three decades, several noninvasive techniques have emerged including 
single-energy X-ray absorptiometry (SXA), dual-energy X-ray absorptiometry 
(DXA), quantitative ultrasound (QUS), quantitative computed tomography (QCT) 
and magnetic resonance imaging (MRI). 
Metacarpal morphometty 
Metacarpal mOrphometry is a widely used technique before the advent of 
dual photo absorptiometry (DPA) and dual X-ray energy absorptiometry (MCA). 
The main index from this technique is metacarpal index (MI), which is a relatively 
measure of the thickness of metacarpal cortical bone. MI was originally called the 
Barnett-Nordin index and expressed the cortical thickness of the mid second 
metacarpal of the radial plus the ulnar side divided by the outer diameter of the 
same bone. (Figure 1-7) Ifis usually expressed as a ratio. Thus, MI is the 
combined mid-metacarpal cortical thickness normalized with regard to the outer 
bone diameter, but with regard to neither bone size nor body size. The surface 
specificity of metacarpal morphometry makes the technique ideal for the study of 
cortical bone growth especially in children due to its low radiation exposure 
compared to other available techniques on cortical measures. 
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second metacarpal 
 
Figure 1-7: Hand X-ray (arrow shows middle point of second metacarpal) 
Dual energy X-ray absorptiometry (DXA) 
Dual-energy X-ray absorptiometry (DXA) was commercially introduced 
by Hologic in 1987. It uses a constant potential x-ray source and a K-edge filter 
(cerium) to generate two main mono-energetic peaks of 40 and 70 keV. Thus this 
technique is called dual-energy X-ray absorptiometry. It was developed from 
dual photon absorptiometry (DPA), where several shortcomings of DPA were 
overcome by replacing the radioisotope source 153 Gd with an X-ray tube. The 
photon flux from an X-ray beam is greater than that of the 153 Gd isotope. The 
increased photon flux improves the resolution and precision of the image and 
reduces scan time. Additionally, radiation exposure is less for DXA compared to 
DPA. (48) Most DXA systems with appropriate software are capable of estimating 
whole-body and regional bone mineral, fat, and fat-free soft tissues. 
Many studies have examined DXA precision and accuracy in both animals 
and humans. Precision, also called reproducibility, is crucial for the follow-up of 
a given individual. It is defined as the coefficient of variation (CVs) expressed as 
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the ratio of the standard deviation over the mean value of the repeated 
measurements. Accuracy corresponds to the ability of a technique to give a 
measured value for a reference object that is close to its true value. DXA are 
usually highly reproducible although there are no studies in children. Repeated 
measurements over one day in the same subjects demonstrated coefficients of 
variation (CVs) of about 1% for total body bone mineral, 2% for fat-free soft 
tissue, and 0.8% for fat. (49) With respect to accuracy, bone mineral estimates in 
species ranging widely in body size are highly correlated with corresponding 
criterion estimates, such as chemical analysis of cadavers and in vivo neutron 
activation analysis (IVNA). In some cases there exists bias between DXA and 
criterion estimates, although this problem is often considered a correctable 
calibration problem. 
In vitro data reveals that body weight and body thickness may affect the 
accuracy and precision of measurements. By measuring spine phantom under 
increasing depths of water in order to mimic changes in body weight, BMD 
measurements have been shown to be increased in both thin and obese 
individuals, whereas precision decreases with increasing body thickness. (50) The 
same types of experiments with a femoral neck phantom have shown that BMD is 
artefactually decreased as the depth of water increases, and that precision is worse 
at increased depths. (50) On the other hand, the effect of the operator on accuracy 
or precision should not be underestimated. For instance, if the outer 'box' that 
defines the soft-tissue limit is not properly placed or changed in size, significant 
variation will occur in the value obtained. (51) Currently, DXA is the most widely 
used. Its low radiation and high precision have also made it feasible in children 
and adolescents although the surrounding soft tissue may introduce relevant 
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measurement errors. (52) However, DXA only measures areal bone mineral 
density, which is 2 dimensional, but not true volumetric bone density although 
some efforts have been made to calculate a bone mineral apparent density 
(BMAD) based on the site-specific validated formulas. (53) Also, DXA cannot 
discriminate between cortical and trabecular bone and can not measure cortical 
thickness, which has been suggested to be important for accurate prediction of 
bone strength. 
Special considerations are needed for studies in children. Although 
changes in bone mineral quality or in the proportion of fat in bone marrow does 
not appear to significantly affect measurements, changes in body size or vertebral 
body size substantially influence BMD values. DXA instruments are calibrated 
for a standard body size, and special software is therefore required when DXA is 
used on small children with an antero-posterior body thickness below 12 cm. 
Single-energy X-ray absorptiometry (DCA) 
Single-energy absorptiometry refers to SXA and SPA. Single-energy X-
ray absorptionmetry (SXA) is a widely available method for forearm scans. It is 
more precise than single photo absorptiometry (SPA) and avoids the use of 
isotopes such as iodine-125 on which SPA depends. They are methods that assess 
mineral content of appendicular sites, such as the heel or wrist. The term "BMC" 
describes the amount of mineral in the specific bone site scarmed. The scan using 
single-absorptiometry is also two-dimensional as that in DXA. Therefore, BMD 
is an areal density and not true density. 
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Quantitative ultrasound (QUS) 
QUS is a promising alternative technique in recent years for the 
assessment of skeletal status. It has the potential in assessment of cartilage. The 
most widely investigated parameters are broad-band ultrasound attenuation 
(BUA) and speed of sound (SOS) (or ultrasound velocity) at the heel and tibia. 
The attractiveness of this technique lies mainly in the complete lack of ionizing 
radiation and in the relatively low costs as well as in its portability. Moreover, the 
measurement at the calcaneus has been shown to display a relevant relationship 
with trabecular microstructure and mechanical properties. (54 ' 55) However, the 
technique is less precise and reliable than DXA. Moreover, the technique has not 
been validated in children. 
Quantitative computed tomography (QCT) 
QCT has been applied both to the skeletal periphery and the spine, but has 
not yet been successfully introduced to the proximal femur. Cancellous bone in 
the spine, radius and tibia is highly suitable for assessment by QCT. The major 
advantage of QCT in the assessment of bone density is that it provides a true 
volumetric density, rather than an areal bone density like DXA. It also avoids the 
influence of degenerative disease that is a particular problem with DXA at the 
spine. The technique also gives information on the shape and architecture of 
bone, though the resolution of cancellous structure is not optimal. The major 
disadvantages are radiation exposure and cost. The high radiation level precludes 
its general use in children 
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Magnetic resonance imaging (MRI) 
The technique of magnetic resonance imaging (Mm) initially attracted 
little interest for the assessment of bone. Bone emits a rapidly decaying signal 
due to its solid crystalline structure, which prevents atoms in the matrix aligning 
themselves within the magnetic field. It provides no direct information on 
density, but with the positive background provided by all types of bone marrow, it 
is able to provide exceptional resolution of the internal structure of cancellous 
bone, down to the connections of individual trabeculae. (56) Limitation to its use 
lies in its cost and the need to keep absolutely still for periods of time. 
1.3.4 Factors related to bone development 
As mentioned in 1.3.1, bone mass has been regarded as a potential 
predictor of fracture risk. Those factors influencing the development of bone mass 
might also have independent effect on fracture risk or at least have potential 
influence on fracture risk through bone mass. However, a few studies have looked 
at these factors in children. Thus, in this part the determinants of bone mass gain 
are discussed first. 
Bone mass accrual starts during foetal life and is completed at the time of 
achievement of peak bone mass (PBM), (57-60) which is reached around the third 
decade depending on the different bone sites. Considerable variation in BMC or 
BMD of healthy subjects has been observed among healthy individuals at the end 
of the second decade in both genders even within the same race and ethnic 
population. (61-66) The variation is believed to be the result of interaction between 
a multitude of factors that influence the achievement of peak bone mass (see 
Figure 1-8). 
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Figure 1-8: Relationship between genetics, nutrition, hormones, local growth 
factors and physical activity in the regulation of skeletal mineralization. 
These determinants may be categorized as genetic factors, nutritional 
factors, hormones, growth factors and mechanical-loading factors. Nutritional and 
mechanical-loading factors are regarded as modifiable factors of bone mass as 
they offer the possibility for corrective interventions. 
1.3.4.1 Genetic regulation 
Genetic inheritance is the most important factor determining the 
development of PBM. It explains between 60-80% of the variance of PBM. (67 ' 
68) However, it is unclear at what stage of skeletal development these factors 
operate or how they may interact with other factors affecting growth and 
development. In assessment of the relative contribution of genetic and 
environmental factors to the population variance in a continuous trait such as 
bone density, the classical twin study has been invaluable even though concerns 
have been raised that classic twin model may overestimate heritability because of 
gene-environment interaction. (68) . Results of twin studies conducted by a number 
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of investigators have provided evidence that genotype plays a major role in the 
determination of bone density at both peripheral and axial bone mass. (67-71) These 
studies revealed a significantly larger intra-pair difference between dizygotic 
(DZ) than monozygotic (MZ) twins. Pocock and colleagues (67) observed a 
significant influence of genotype at the lumber spine and femoral neck, which 
explains the majority of the population variance in bone density. Further, co-
variance analysis reveled that a single gene or set of genes is responsible for 
determining bone density at all sites, but had the largest influence at the lumber 
spine and at Ward's triangle, both of which had high trabecular bone content. 
Familial studies have also provided insight into the heritability of bone density. 
(72,73) 
1.3.4.2 Nutritional factors 
Nutritional factors play an important role in the determination of PBM 
during early adulthood. Nutrition affects bone health in two distinct ways. First, 
bone tissue deposition, maintenance, and repair are the result of cellular processes 
that are dependent on nutritional factors. The production of bone matrix, for 
example, requires the synthesis and posttranslational modification of collagen and 
an array of other proteins. Nutrients involved in these cellular activities include 
vitamins C, D and K and the minerals phosphorus, copper, manganese, and zinc. 
Additionally, the regulation of calcium homeostasis requires normal magnesium 
nutrition. Second, the skeleton serves as a very large nutrient reserve for two 
minerals, calcium and phosphorus. Especially the nutrient calcium, which is 
central to any discussion of bone health, since bone constitutes the major reservoir 
of calcium, containing 99% of the total body supply. The size of that reserve (in 
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other words, the strength of the skeletal structures) depends in part on the daily 
balance between absorbed intake and excretory loss of these two minerals. Some 
randomized, double-blind trials have confirmed that calcium supplement were 
associated with increases in bone gain measurements during the time of the 
intervention period. However, there is no evidence to date that it could result in 
persistent or significant increases in peak bone mass. (74 ' 75) 
1.3.4.3 Hormones and local growth factors 
Many hormones have important roles in the regulation of bone matrix 
mineralization. Some, such as vitamin D metabolites, parathyroid hormone and 
calcitonin, also regulate phosphorous and calcium metabolism. Others, such as 
growth hormone (GH), insulin, thyroid hormones, androgens, oestrogens and 
glucocorticoids, are systemic hormones that have effects on many cells and 
tissues. (74 ' 75) 
Together with these hormones, local growth factors have been shown to 
regulate bone cell metabolism and to be responsible for matrix mineralization. (76- 
79) The synthesis of some of these factors, such as IGF-I, is clearly hormonally 
regulated. However, the regulation of the synthesis of other factors, such as IGF-
II, transforming growth factor-3(TGF-13), fibroblast growth factor, platelet-
derived growth factor, prostaglandins, endothelin and certain factors synthesized 
by blood cells (cytokines and lymphokines), is less well understood. 
It is assumed that insulin, GH, thyroid hormones, vitamin D metabolites 
and gonadal steroids, together with IGF-I, IGF-II and TGF-13, generally promote 
new bone formation. Parathyroid hormone has a dual effect, promoting both bone 
apposition and resorption. High levels of thyroid hormones, glucocorticoids, 
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lymphokines, prostaglandins and endothelin promote bone resorption. Finally, 
glucocorticoids inhibit new bone formation and calcitonin inhibits bone 
( resorption. 76-78, 80) 
1.3.4.4 Physical activity 
A number of studies have examined the relationship between physical 
activity participation and bone health in children. Generally, regular intensive 
physical activity is needed to attain a relatively small gain in peak bone mass, and 
the gain is maintained mainly by continuing the activity. The majority of 
randomized controlled trials and intervention studies demonstrate a cause-and 
effect relationship between physical activity and bone mineral measures in 
children and adolescents. These interventions included weight-bearing activities 
such as jumping or running, (81 ' 82) resistance-training (83) or a combination of the 
two. (84) All but one study demonstrated a positive effect of physical activity on 
bone health. The study by Blimkie et al. (83) failed to show a beneficial effect of 
physical activity, specifically resistance training of their female subjects for 
carrying out the resistance training exercises. This intervention was also relatively 
short in duration, 26 weeks, which may be insufficient time for physical activity 
to stimulate significant changes in bone measures. 
In contrast, the results of cross-sectional studies examining the 
relationship between physical activity participation and bone health have been 
less consistent. Most of the cross-sectional studies demonstrated a positive 
relationship between physical activity participation and bone measures. However, 
some of these studies did not show a positive relationship after adjustment for 
potential confounders. (85-87) A few studies found no relationship between physical 
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activity and bone measures, (88. 89) and one study even revealed a significant 
negative association between physical activity and ultrasound measurements at 
the patella. (90) 
The results of the longitudinal studies appear more consistent. Most 
studies showed a positive significant relationship between baseline physical 
activity and future bone health, or between changes in physical activity and 
changes in bone measures. One of these studies lost its significance after adjust 
for height, bone width, pubertal stage, calcium intake and fitness variables. (91) 
In summary, physical activity is an essential component for bone 
development, and it has the potential to increase bone formation in the limits set 
by hereditary factors, nutrition, hormonal status, and bone strength. Physical 
activity cannot be used to build or rebuild excessively weak bone to normal 
bones. However, it can be used to maintain bone health until a very old age. It 
also has the potential to strengthen somewhat weak bones to normal bones, 
especially when it is applied in childhood concomitantly with adequate nutrition. 
(92-95) This potential usefulness makes physical activity an important public health 
measure since it is sufficiently effective to help a very large part of the population 
to attain and to maintain sufficiently strong bones until old age. But questions 
regarding the type, duration, and intensity of exercise as a loading modality to 
enhance osteogenesis still remain unanswered. So do data on the effect of 
physical activity on fractures. 
1.3.4.5 Body composition 
Body weight is one of the risk factors for osteoporosis and related 
fractures. (96) It also has been identified as a risk factor for distal forearm fracture 
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in children as well. (31 ' 97) The mechanism may be associated with mechanical-
loading where the skeletal structures respond to mechanical stress with a 
stimulation of osteoblast activity. The greater the body weight, the greater the 
mechanical forces placed on the skeleton in weight-bearing and, therefore, the 
greater the stimulus for osteogenesis. (98, 99) However, the distribution of the 
weight may be more important than overall body weight. Several theories 
regarding how body composition may influence BMD have been proposed. Both 
fat and lean mass are postulated to influence BMD. For fat mass, it may be a 
result of hormonal as well as mechanical factors since fat may act as a peripheral 
tot 100, 	) site for the conversion of androgens to estrogens. ( As for lean mass, it may 
be associated with bone mass and BMD because of the muscular forces leading to 
localized stresses on the bone which may result in osteogenesis. (102) 
1.3.5 Bone independent factors 
What are other possible explanations for fracture incidence peak during 
growth spurt? Falls are likely to be important as well. (3) Thus, our topic is moving 
to the exogenous factors that are bone independent factors or falls related factors. 
The fact has been linked to increasing sports participation, a relatively poor 
judgment and recklessness as well as an increased risk-taking frequently seen in 
adolescents. 
Firstly, there is increasing physical activity level and sports participation, 
both organised and informal, during later childhood. (103 ' 104) This increased 
participation in sport results in an increased risk of injury, (104, 105) which varies with 
the sport. "5) Approximately 20% of all injury related emergency department 
presentations in 10-14 year olds in Tasmania are due to sports injury. (106) In 
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Tasmania, sports related fractures account for approximately 19.3% of all sports 
injuries and 4.0% of all emergency department injury presentations. (106) similar  
One patterns have been observed interstate and overseas. (104, 105) u ecologic study has 
linked soccer and gymnastics to fractures but we are aware of no other studies of 
specific sports (105) and little controlled data. 
Secondly, there is also an increasing risk-taking behavior during 
adolescence, which maybe able to explain the different fracture incidence between 
sexes. 
Thirdly, several major transformations including height, muscle strength 
and total body moment of inertia may lead to a greater tendency to falls due to a 
temporarily decreased coordination. (39, 108) 'Clumsiness' may be important in 
fractures in children but studies to date have only reported associations between 
fracture and fall risk factors in the elderly. (109) 
Besides all of the potential risk factors described above, an association has 
also been reported between cola beverages and bone fracture in teenage girls. (110, 
111) 	 (112) Petridou and his colleagues 	confirmed this finding, however, they also 
found intake of non cola beverages, mainly fruit juices was associated with 
elevated risk of fractures. Miettinen and his colleagues ("3) reported that 
environmental factors and the ability to move in traffic appeared to be the most 
important risk factors. A also high degree of social competence problems and 
behavioural difficulties constitute risk factors unique to children with fractures. 
(114) 
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1.3.6 	Summary 
In summary, although only a few studies have been done on fracture risk 
factors in children, both bone dependent and independent factors are involved in 
the etiology of fractures in children. Table 1-3 summarizes the identified and 
potential risk factors from the available fracture studies in children. 
Table 1-3: Possible fracture risk factors in children: 
Risk factors 	 Reference 
Bone dependent or related factors 
Low bone density 	 Positive: 31, 41, 42, 44 
Negative: 43, 45 
Decreased radial cross-sectional dimensions 	 45 
Cola, dairy dink consumption 	 110-112 
Bone independent factors 
Overweight 	 31, 44, 45 
Unknown other environmental factors 	 113 
Psychosocial characteristics 	 114 
Potential factors 
Cortical thickness 	 46 
Sports participation 101, 102, 103, 104 
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Fractures are a major and increasing public health problem in most 
industrialised countries. It has been estimated that in Australia in 1992 there 
were 75,000 fractures in those over 60 years of age (I) which resulted in a direct 
cost to the Australian community of A$774 million. (2) Current research efforts 
worldwide have correctly concentrated on these fractures particularly those of 
the hip due to the substantial morbidity and mortality associated with them. 
However, as discussed in Chapter 1.2.1, it is less well recognised that there is 
another peak of fracture incidence during childhood particularly between the 
ages of 10-15 which is also a significant source of fracture associated morbidity. 
2.1 Magnitude of childhood fractures including Tasmanian results 
Fractures in childhood appear to be surprisingly common. In one of the 
few studies to date reporting total fracture incidence in children in Leicestershire 
in the UK, males aged 5-14 years had a total fracture incidence of 1.5% pa and 
females 1.0% pa. (3) These rates are comparable to incidence rates in 60-80 year 
old Australians (1) but may well be an underestimate of fracture incidence in 
Australian children as hip fracture rates are 20-50% higher in elderly Australians 
than in the UK. (1,4)  Indeed, incidence estimates from our population based 
fracture registry in Southern Tasmania indicate that fracture rates are close to 
double those reported in the UK and similar to those reported in Scandinavia. (5) 
There are also no accurate cost estimates for this age group but, with some 
obvious limitations, we estimate based on a 20% hospitalisation rate and the 
average cost of inpatient and outpatient treatment of limb fractures in elderly 
Australians (which do not include those of the hip) (2) that these fractures result 
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in a direct cost to the Australian community of a not insubstantial $50 million 
each year. Apart from our registry, there are no Australian data that 
comprehensively describe fracture incidence in the 5-24 year age group and 
those population based registries currently underway in Dubbo and Geelong 
exclude those below ages 60 and 35 respectively indicating the importance of 
our descriptive data on fracture incidence in the young. Furthermore, in contrast 
to those over 60, the distribution of fractures is different with fractures of the 
radius, ulna, tibia and fibula predominating (3 ' 6) as compared to hip, vertebral, 
distal forearm and humerus. (I) This variation in site suggests that the aetiology 
of fractures in children may also be different and, as we shall see below, more 
complex than an interaction between falls and bone strength which recent 
evidence has suggested in the elderly. (7) 
There are a number of methods of fracture ascertainment but each have 
limitations. The commonest method is based on hospital discharge data. This 
will only detect 60-70% of all fractures in adults. (8) Combined inpatient and 
outpatient databases are also utilised but may miss fractures not presenting to 
hospital for treatment. (3) This problem is even more significant in the younger 
age group as hospitalisation is less common. A Canadian study estimated that 
40% of patients under 20 years of age with a fractured distal radius were not 
treated at hospital. (6) To accurately determine both symptomatic fracture 
incidence and identify potential cases for study in children, it is clear that 
outpatient as well as inpatient data must be collected and the currently accepted 
gold standard is by x-ray report containing the word 'fracture' (I) which is the 
methodology employed for our study. 
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2.2 	Fracture incidence by age and gender for upper limb fractures 
As mentioned in Chapter 1.2.1, 1.2.2 and 1.3.2, the most common 
fractures in children are upper limb fractures, which is associated with 
dissociation between growth spurt and bone mineralization. In our population, 
peak total fracture incidence was 15-19 years in males and 10-14 years in 
females, which is not consistent with the previous reports. However, peak 
fracture incidence of forearm fractures in both sexes appears likely to be 
considerably before peak growth velocity. Thus, we propose that the growth 
fragile related fracture peak may be only associated with upper limb fractures. 
Figure 2-1 (Page 61) shows fracture incidence by age and gender for 
both upper limb fractures in Southern Tasmanian population. (Total fracture 
incidence see Figure 1-4) There were marked variations for both gender and 
site. In females, forearm and humeral fractures were most common in the 5-9 
year age group, wrist fractures were most common in 10-14 year olds, hand 
fractures had a relatively constant peak from 10-24 years of age while clavicle 
and scapula fractures had no peak. In males, humeral fractures were most 
common also in 5-9 year olds, forearm fractures were most common in the 5-14 
year age group with a broad age peak, wrist fractures in the 10-14 year age 
group, hand fractures in the 15-24 year age group while clavicle and scapula 
fractures peaked at 20-24 years of age. 
2.2 	Research hypothesis 
All of the factors mentioned in 1.3 may contribute to fracture etiology in 
childhood. To date, however, there have been no carefully controlled studies that 
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have considered all potential risk factors simultaneously making overall 
conclusions about recommendations to decrease fracture risk in this age group 
next to impossible. The aims therefore of this study as stated in original protocal 
were to use a population based case control study with recruitment of incident 
cases from our population based fracture registry to test the following 
hypotheses: 
1. Bone mass (as measured by dual energy X-ray absorptiometry with 
adjustment for limb length, bone size and bone age) is associated with 
fracture risk in 9-16 year old cases as compared to controls (OR 2.0 per 
standard deviation decrease in bone mass). 
2. Measures of 'clumsiness' and sports participation are associated with 
increased fracture risk in these same cases as compared to controls. 
3. Sports participation is associated with increased fracture risk 
4. Further hypotheses were developed as the study proceeded and listed in 
the relevant chapters 
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Figure 2-1: Upper limb fracture incidence by age and gender 
Fracture specific patterns and varying peak incidence rates are observed which vary by gender. Males and females are on the same scale to allow 
direct comparison. (Provided by G. Jones) 
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3.1 	Recruitment of subjects 
The recruitment of subjects in the cross-sectional study is described in 
Chapter 4. 
The main case-control study in this thesis was conducted from May,1998 
to Jan, 2002 in Hobart, Tasmania, and included the Southern Tasmania 
metropolitan council areas of Hobart, Clarence, Glenorchy and Kingborough. 
Caucasians are predominant in this population. Ethical approval for this study was 
obtained from the University of Tasmania Ethics Committee (Human 
Experimentation). 
Cases were all from a pre-existing fracture registry. (1) The fracture 
registry received reports from all radiology providers containing the word 
"fracture" from Southern Tasmania on a monthly basis. This region is larger and 
fully encompasses the study area. Potential subjects were then screened from the 
registry and invited by a letter with the consent form, introduction and information 
sheet. If no phone call has been received in 10 working days, a further letter was 
sent out. Upon receiving a phone call from the subject or parent/guardian our 
research assistant answered any queries, and explained the need for testing one of 
their classmates as a control and informed them we would contact the school in 
order to ask their permission. We would obtain the following information: 1) what 
school do they attend? 2) what year/class are they in? 3) what is the name of their 
Class/Form teacher and principal? We would explain that we would be in touch to 
arrange an appropriate time that we can collect them and their classmate from the 
school, and spoke with the parents to ensure their full consent and answer any 
questions they might have. After that we sent the same letter to school and 
obtained the class list with birth dates and sex as well as the address of the chosen 
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control if available. This varied from school to school. Upon receipt of class list 
from schools, we randomly selected the control child from class list using the 
random number generation function in Excel, and then sent them the letter (see 
earlier). If within one week we have not heard from control, we contacted school 
and explained the need to follow up that control's parents, and "would you like 
me to contact them directly to save you chasing them up". If not, perhaps the 
school could telephone the parents and ask them to contact us regarding their 
reply to the invitation. If consent is not given from control, we then randomly 
selected another child from the class list. 
Subjects and/or their parent/guardian who provided informed consent to 
take part underwent a protocol as described in each chapter. 
3.1.1 Source population 
Our source population was children aged 9 to 16 years old living in the 
Southern Tasmanian metropolitan region including Kingborough, Glenorchy, 
Clarence and Hobart. 
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The above map shows the location of the study area. The red color in left 
lower corner shows the whole Southern Tasmanian area. 
3.1.2 Selection criterion for cases and controls 
The cases had to have a report of a definite single site fracture of the upper 
limb, and currently residing in the areas bound by Kingborough, Glenorchy, 
Clarence and Hobart and aged between 9 to 16 years. This includes those who will 
be turning 9 or have turned 16 during the current year of fracture. Fracture 
subjects were excluded if they had diseases which would prevent them completing 
the full protocol such as cerebral palsy and arthrogryposis; had moved out of the 
study area; were not enrolled in school; or had a previous upper limb fracture 
between the ages 9 and 16 years. Non-responders who were more than three 
months past the date of fracture were also excluded. The median time between 
fracture and interview was 105 days (IQR 77-115). 
Controls were randomly selected from the same school class as the cases 
in the ratio of one control for every case (using available school lists and random 
numbers). They were also individually matched with cases by gender. Potential 
controls that had experienced an upper limb fracture between the ages of 9 and 16 
were excluded. 
3.1.5 Response rate 
A total of 642 subjects took part (boys n=215 pairs, girls n=106 pairs) 
representing an overall response rate of 56% (642/1148) of those eligible in the 
source population during study period. Among 321 cases, only 6 fractures 
occurred due to severe trauma. The response rate for both cases and controls was 
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around 56%. Fracture reports were available for non-responders. There were no 
significant difference between respondents and non-respondents in mean age, 
male percentage, proportion of fracture type and age distribution (all p>0.05, 
Table 1) although there was a trend towards higher non-response among males. 
The number for different types of upper limb fractures was 91 in the hand; 190 in 
the wrist and forearm and 40 in the upper arm. 
Table 3-1 details the comparisons of available parameters between 
respondents and non-respondents. 
Table 3-1: Comparisons of participants and non-participants 
Participants 
% male (number) 	67.0% (215/321) 
Mean age (SD) 	 12.2(2.1) 
Age distribution: % (number) 
Non-participants 
74.5% (187/251) 
12.5(2.2) 
P-value 
0.051 
0.16 
8-10 years old (%) 	32.4% (104) 27.1% (68) 
11-13 years old (%) 	44.5% (143) 44.6% (112) 
14-16 years old (°/0) 	23.1% (74) 28.3% (71) 0.26 
Proportion of fracture types: °A) (number) 
Hand (%) 	 28.7% (92) 30.7% (77) 
Wrist and forearm (%) 	58.9% (189) 57.4% (144) 
Upper arm (%) 	 12.5% (40) 12.0% (30) 0.87 
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3.2 	Anthropometry measurements 
3.2.1 Weight 
Weight was measured by an electric scale, which was calibrated at the 
beginning of the study by the manufacturer. Subjects were asked to wear light 
indoor clothing without shoes and to remove items from pockets. The subjects 
were also instructed to stand squarely on the scale with eyes facing straight ahead 
and arms down straight by their side. The reading was recorded to the nearest 0.1 
kg. 
3.2.2 Height 
Height was measured by the Leicester height measure. The subjects were 
asked to remove their shoes and socks as well as hats, and stand straight with flat 
feet and heels together firmly against the backstop, as well as to keep the back as 
straight as possible and Shave the shoulders relaxed and facing forwards. The 
subjects were also asked to look slightly downwards. The measurement arm was 
lowered gently onto the subject's head and ask them to "breathe in and stand tall". 
The reading was recorded to the nearest 0.1 cm. 
3.3 	Tanner stage assessment 
Tanner stage was assessed by a validated self-administered instrument, (2) 
which illustrates the five stages of pubertal development using 5 charts made from 
Tanner's photographs. The participants were shown the relevant charts and 
descriptions including breasts and pubic for girls or genitalia, testicular size and 
Chapter 3: Methodology 	68 
pubic hair for boys. The research assistant asked them to "choose the drawing 
closest to their stage of development". For details see Appendix I. 
3.4 	Measurement of bone mass 
3.4.1 Measurement of bone mineral density by DXA 
The measurement of bone mass was conducted using Hologic X-ray Bone 
Densitometer on array setting (Hologic QDR-2000, Waltham, MA, USA), which 
enables quantification of whole body and peripheral bone mass, lean mass and fat 
mass. DXA procedures were performed and analyzed by the same operator. 
Precision estimates in vivo are not available for our subjects but are 1-2% in 
adults. The longitudinal coefficient of variation for our instrument between 1998 
and 2002 using daily measurements of a spine phantom was 0.50% for aBMD. 
3.4.1.1 Positioning 
Total body 
Each subject's total body was scanned while he or she was positioned 
supine on the DXA table. They were positioned such that they were straight on 
the mat, as gauged against the centre lines at the head end and foot end of the mat. 
The arms were placed at the subject's side with palms down and separated from 
the thighs. The feet were within the scan limit border. The subject's legs were 
rotated inward until the toes touched. 
Lumbar spine L2-4 
The subject lay supine on the table with his/her head at the right end of the 
table. The subject's body was positioned so that it is straight on the mat. The 
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subject's shoulders were at the upper scan limit line with arms by his/her sides. 
The lumbar spine should be between the lower and upper scan limit lines on the 
table mattress. The large square cushion was positioned under the subject's lower 
legs and moved until the subject's femur were as vertical as possible. 
Left proximal femur 
The subject lay supine on the table with his/her head at the right end of the 
table with the feet placed in the hip scan positioning fixture. The fixture was 
aligned with the subject's midline. The left leg was adducted 25'inwards and the 
foot placed against the positioning fixture. 
3.4.1.2 Selection of region of interest (ROI) 
Total body 
Figure 3-1 shows the bone mineral image of total body bone. The region 
of interest box was set automatically with minor adjustments manually. 
Figure 3-1: Bone mineral image of total body bone 
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In Figure 3-1 the horizontal line above the shoulders should be just below 
the chin. The vertical lines at the shoulders should be between the head of the 
humerus and scapula at the glenoid fossa. The vertical lines on either side of the 
spine should be moved close to the spine, angled to match the curvature if 
possible. The small horizontal line should be approximately at the level of T12- 
Ll. The horizontal line above the pelvis should be just above the crest of the 
ilium. This line can be extended out at the sides to include soft tissue in the chest 
and waist. If at all possible, soft tissue from the trunk should not be included with 
the arms. The angled lines below the pelvis should bisect both femoral necks. 
The vertical line between the legs should be adjusted to be between the feet. The 
vertical lines lateral to (outside of) the legs should be adjusted to include as much 
of the soft tissue in the thighs as possible without including the subject's fmgers. 
Lumbar spine (L2-4) 
The region of interest box width was set automatically with manually 
defined intervertebral spaces in the lumbar spine by the QDR 2000 and should not 
be changed for normal spines (see Figure 3-2). When auto-analysis could not be 
used, the low bone density programme was selected to analyse the image. 
r3 
Figure 3-2: Bone mineral image of lumbar spine 
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Normally, a rectangular area correctly outlines a normal spine. Each 
intervertebral space was manually marked with a line so that each individual 
vertebra could be analyzed separately. For subjects with scoliosis, a non-
rectangular ROI was used to outline the desired area to be analyzed. In most 
cases, top and bottom boundaries of the ROT must be bent to match the scoliotic 
spine. Sides of the box should be kept vertical (parallel to vertical screen 
boundaries). Intervertebral spaces of scoliotic spines were marked in the same 
way as for normal spines, except that intervertebral lines must be parallel to the 
intervertebral spaces. 
Left proximal femur 
The proximal femur was analyzed with the autoanalysis mode, with a 
6.0/15.0 mm "neck box" in the proximal femur (see Figure 3-3). 
Figure 3-3: Bone mineral image of the left proximal femur 
Figure 3-3 shows bone mineral image of the left proximal femur. The 
ROIs as defined on the Hologic instruments were: 1) femur neck ROI; 2) Ward's 
triangle ROI; 3) trochanter ROT; 4) intertrochantor ROI; 5) center line of femur 
neck; 6) inferior border of trochantor ROT. The entire area covered by neck ROI, 
trochantor and intertrochantor ROT is called the total ROT. 
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These regions were selected to represent critical points in the proximal 
femur where fractures commonly occur. In this study, only BMD in femoral neck 
was used for analysis. 
3.4.1.2 Calculation of data 
Bone mass was examined as bone mineral content (BMC), areal bone 
mineral density (aBMD) and bone mineral apparent density (BMAD). BMAD 
(g/cm3) is an approximation of the volumetric density of bone and is calculated at 
different regional sites as BMC/Ap3/2 for lumbar spine; BMC/Ap2 for femoral neck 
and BMC/[Ap2/11] for total body. (Ap is the projected area of bone) 
3.4.2 Measurement of metacarpal morphometry 
Measurements of metacarpal morphometry were made from postero-
anterior left hand radiographs taken at a uniform lm tube-to-film distance. Hand 
radiographs were placed flat on a lighted viewing box. Morphometric 
measurements are performed at the midshaft of the left second metacarpal by one 
examiner. The measurement error of this method depends partially on the 
difficulty in defining the exact margins of the cortical layer, especially the inner 
margin. It is advisable to stick to certain basic principles when cortical 
measurements are made. The inner limit of the cortical layer must be defined as 
the border of the solid cortical layer without separate trabeculae in the vicinity of 
the inner boarder as advised by Virtama and Helela. (3) The measurements of total 
outer width (W) and medullary inner width (w) were made halfway up the second 
metacarpal with a digital calliper, which was calibrated to the nearest 0.01mm. 
The intra-observer reliability was assessed in the measurement of outer width and 
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inner width by repeating the assessment of 31 hand radiographs at one month. The 
CVs were 0.81% for outer width and 3.73% for inner width. The combined 
cortical thickness was calculated as (W-w). Metacarpal index (MI) was calculated 
as ratio of cortical width to total width (W-w)/W. 
3.4.3 Measurement of skeletal age 
Radiographic technique is important for assessment of bone age. 
Generally, the tube is centred above the head of the 3d  metacarpal, at a tube-film 
distance of 30 inches or 76cm. For measurement, the left hand is used. The palm 
faces downwards, in contact with the cassette, with the axis of the middle finger in 
direct line with the axis of the forearm; the upper arm and fore-arm should be in 
the same horizontal plane. The fingers are just not touching and the thumb is 
placed in the comfortable, natural degree of rotation with its axis making an angle 
of about 30 degrees with the first finger. The palm is pressed lightly downwards 
on the film cassette by the subject; or if the child is too young to follow these 
instructions the hand is secured in this position with bandage or tape. 
Radiographs of the left hand and wrist were made using a double wrapped 
Osray T-4 (Agfa-Gevaert) film, with an exposure time varying from 0.3-0.5s. 
Skeletal ages were evaluated by one examiner according to the Tanner-
Whitehouse-2 (TW2) method. (2) The TW2 method involves the examination of 
20 bones of the hand and wrist and the assignment of a letter grade to each bone 
dependent on the attainment of clearly described bone specific maturity indicators. 
The letter grade is then converted to a numeric score in accordance with the tables 
given by Tanner et al. (4) and the scores are summed for each individual to give a 
maturity score on scale of 0 to 1000. Maturity scores can be converted to skeletal 
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age (SA) for each individual by comparison of the SA to the individual's 
chronological age (CA). In this study the radius-ulna-short bones (RUS) option of 
the TW2 method, using only the radius, ulna and 11 short bones of the hand, was 
used to determine maturity scores, SA and relative maturity. The outcome variable 
in all analysis was the SA deviation, or relative maturation computed as SA-CA. 
When the maturity score was 1000, SA was set equal to CA and the SA deviation 
score was 0. The accuracy of the TW2 method is discussed by Tanner et al. (4) A 
test of reproducibility was carried out on 31 radiographs and resulted in an intra-
observer coefficient of variation of 1.1%. 
	
3.5 	Assessment of types and patterns of physical activity 
These are outlined in Chapter 7. The questionnaire is attached as 
Appendix II. 
3.6 	Measurement of risk-taking behavior 
These are outlined in Chapter 8. The questionnaire is attached as 
Appendix III. 
3.7 	Measurement of coordination 
The coordination was measured by Henderson movement ABC in a well 
ventilated and lighted room free from noise and interruptions. The participants 
need to be wearing gym shoes and minimal and unrestrictive clothing. All floor 
Chapter 3: Methodology 	 75 
and wall markings carefully measured and in place prior to testing. All materials 
for testing were arranged conveniently and not too much in the child's range of 
vision to be distracting. At the beginning, our research assistant explained and 
demonstrated each task to the child to ensure understanding. The subjected were 
then asked to pick their preferred hand which was recorded. 
The details for each test are described in Chapter 8. Henson movement 
ABC questionnaire is attached as Appendix V. 
	
3.8 	Measurement of milk and soft drink consumption 
The details are described in Chapter 9. The questionnaire is attached as 
Appendix IV. 
3.9 	Statistics 
The statistical methods are described in each chapter. 
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Chapter 4 
Clinical risk factors but not bone density are associated with 
prevalent fractures in prepubertal children 
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4.1 Brief introduction 
78 
Fracture risk is a combination of bone-dependent and bone-independent 
factors. Although bone mineral density (BMD) has been shown to predict the risk 
of different types of fracture in adults, < 1 > studies are limited in childre�. A
number of studies have linked BMD to fractures, <2· 4> while some have not. <5, 6)
Clinical factors such as falls C7>, consumption of cola beverages, cs-to) the ability to
move in traffic, <11 > social competence problems and behavioural difficulties, <12>
have also been associated with fracture risk. 
However, none of these studies has been carried out exclusively in 
prepubertal children. Previous studies in prepubertal children have demonstrated 
that maternal peak bone mass, physical activity, exposure to sunlight, 
breastfeeding in early life, maternal smoking during pregnancy as well as inhaled 
corticosteroids in the last year influenced the development of bone mass. <13·17>
Based on these findings, this study was conducted to investigate whether these 
factors are also associated with prevalent fractures in this population. 
4.2 Materials, methods and statistical analysis 
In 1988, there were 6779 live births in Tasmania, an Australian island 
state whose population is predominantly Caucasian in origin. Of these, 1380 were 
identified as being at higher risk of Sudden Infant Death Syndrome by previously 
published criteria < 13> and were invited to take part in a longitudinal study. In
brief, children were selected on the basis of a cutoff level in a composite risk 
score comprised of their birth weight, season of birth, gender, maternal age, 
duration of second stage of labour and maternal intention to breastfeed. In 
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Southern Tasmania, there were 735 births who met these criteria. Of these, 
mothers of 696 infants (95%) agreed to an in-hospital interview. These children 
were approached during 1996 to take part in a further study. After 8 years, we 
were able, through the use of school lists, to locate 551 of these subjects (80%), 
which closely approximate the number likely to be available in Tasmania utilising 
Australian Bureau of Statistics data on annual outward migration rates. 
This study was granted approval by the University of Tasmania Ethics 
Committee (Human Experimentation). Subjects whose parents/guardian provided 
informed consent took part in a study which included measurement of bone mass, 
anthropometrics, questionnaire assessment by parent/guardian of duration of 
breastfeeding, current maternal and paternal smoking and socioeconomic factors 
as well as current diet, competitive sports participation in the last 12 months 
(yes/no) and winter sunlight exposure (4 point scale). Height and weight were 
measured in light clothing by using transportable combined scales and a 
stadiometer (model 707, capacity 200kg, Seca, Hamburg, Germany). Questions on 
socioeconomic status related to maternal education (4 point scale), paternal 
employment status and marital status (6 categories). Asthma history and 
medication usage was assessed by questionnaire for recent and past use. Prevalent 
fractures were ascertained by self-report with X-ray confirmation (where 
possible). Information was collected on the age at fracture, site of fracture and 
circumstances surrounding the fracture. Maternal fracture history was also 
collected. 
Bone mass was measured using Dual Energy X-ray Absorptiometry at the 
total body, lumbar spine and femoral neck. The instrument used was a Hologic 
QDR2000 densitometer on array setting. The software version was 4.76A. Bone 
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mass was examined as bone mineral density (BMD) and bone mineral apparent 
density (BMAD) as described in Chapter 3.4. 
All statistical analyses were conducted using SPSS (version 9.0 for 
Windows). Unpaired t-tests or Mann Whitney U-tests (where appropriate) were 
utilised for comparison of means. Logistic regression analysis was then utilised to 
examine if significant associations were independent of potential confounders. 
Any variable with a p-value less than 0.10 in univariate analysis was entered into 
a multivariate model. The initial model was adjusted for the other qualifying 
factors as well as gender, weight and height. The final model was also adjusted for 
spinal BMD. A p value <0.05 (two-tailed) or a 95% confidence interval not 
including the null point were regarded as statistically significant. Adjustment for 
multiple comparisons was not performed. 
4.3 	Results 
A total of 330 children took part (60% of those approached or 42% of 
those in the original cohort). Data on prevalent fractures were available in 324 
subjects. Of these 32 children (23 males, 9 females) had sustained a fracture 
(10%). Fractures involved the upper limb (n=22) and the lower limb (n=10). Most 
fractures occurred following a fall (n=22) especially at home (n=14) and less so at 
school (n=5) or sport (n=3). The degree of trauma for all upper limb fractures was 
low. 
Table 4-1 shows a comparison of study factors between those with and 
without fractures. Those with prevalent fractures had higher age, higher levels of 
sports participation, higher usage of inhaled corticosteroids in the last year and 
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lower levels of breastfeeding. All other comparisons were not statistically 
significant. 
Table 4-2 shows bone density comparisons between those with and 
without fractures. No difference, of either statistical or clinical significance, was 
observed. 
Table 4-3 shows the multivariate model for the associations of selected 
study factors and prevalent fracture. Age and ever breastfed were the only 
significant associations. However, while not statistically significant, the 
magnitude of the association with sports participation and inhaled corticosteroid 
usage in the last year was substantial. These factors combined with age, height 
and weight explained 10% of the variation in the odds of fracture. 
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Table 4-1: Characteristics of participants: 
Study factor Fracture No fracture P-value for 
(N=32) (N=292) difference 
% male 72 63 0.36 
Age (years) 8.32 (0.34) 8.19 (0.33) 0.038 
Weight (kg) 28.2 (6.1) 27.9 (5.5) 0.81 
Height (cm) 128.4 (5.6) 127.6 (5.7) 0.48 
Maternal fractures 16% 20% 0.63 
Ever breastfeeding (%) 38 56 0.046 
Maternal smoking during pregnancy (°/0) 56 49 0.41 
Birth weight (kg) 3.2 (0.5) 3.0 (0.7) 0.17 
Winter sunlight (category) 2.87 (1-4) 2.71 (1-4) 0.36 
Sports participation (%) 78 60 0.028 
Physical work capacity (units) 1.09 (0.25) 1.12 (0.34) 0.76 
Ever asthma (%) 44 31 0.19 
Inhaled corticosteroids in last year (%) 19 8 0.051 
Oral prednisolone in last year (%) 3 3 0.99 
Mothers with tertiary education (%) 9 18 0.16 
Paternal unemployment (%) 19 19 0.95 
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Table 4-2: Comparison of bone density in subjects with and without prevalent fractures 
BMD (g/cm2) 
Fracture (n=32) No fracture 
(n=292) 
P-value for difference 
Lumbar spine 0.60 (0.07) 0.60 (0.07) 0.78 
Femoral neck 0.65 (0.06) 0.63 (0.08) 0.32 
Total body 0.77 (0.05) 0.77 (0.05) 0.40 
BMAD (g/cm3) 
Lumbar spine 0.10 (0.01) 0.10 (0.01) 0.99 
Femoral neck 0.34 (0.03) 0.34 (0.05) 0.67 
Total body 0.024 (0.001) 0.024 (0.001) 0.39 
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Table 4•3: Multivariate model of selected factors and prevalent fractures 
Study factor Adjusted step 1* Adjusted step 2* 
OR (95% Cl) OR (95% Cl) 
Age (years) 4.22 (1.16-15.4) 4.30 (1.19-15.6) 
Sports participation (yes v no) 2.36 (0.95-5.84) 2.33 (0.94-5.27) 
Ever breastfed (yes v no) 0.44 (0.20-0.97) 0.43 (0.19-0.94) 
Inhaled corticosteroids in the last year (yes v no) 1.84 (0.63-5.37) 1.92 (0.65-5.67) 
* Step I is adjusted for other factors in the table as well as gender, weight and height. 
Step 2 includes spinal areal bone density as well as the other factors. None of these 
other factors were significant explanatory factors in the final model. The Nagelkerke R2 
for both models was 10% (P<0.05) 
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4.4 	Discussion: 
In this population of prepubertal children, low-energy falls at home are the 
main cause of fractures, which is consistent with previous studies in children. (7) 
Age, weight, height, sports participation, ever breastfeeding and inhaled 
corticosteroid usage in the last year accounted for 10% of total variability in the 
odds of fracture. 
Somewhat unexpectedly, all BMD measures were very similar between 
the fracture and non-fracture groups. This may be due to sample size 
consideration, but it is consistent with a study on paediatric traumatic fractures. (5) 
However, it contrasts with a study of distal forearm fracture in 3-15 yrs old girls, 
which showed a significant reduction in BMD. (3,4)  Although both studies have 
similar power (80% power to detect a 0.025 g/cm 2 difference in BMD in our study 
compared to 80% power to detect a 0.028 g/cm 2 difference in the study of 
Goulding et, al), the narrow age range of prepubertal girls and boys with differing 
fracture types makes a direct comparison difficult. Interestingly, BMD was very 
similar between cases and controls in the 8-10-year age group in the latter study. 
However, while BMD is a consistent risk factor for osteoporotic fracture in adults, 
there is significant variation in the risk estimates for different fracture types. (18) A 
lack of association may be that most fractures in prepubertal children are not 
strongly related to BMD. Alternatively, BMD may not be an adequate proxy 
measure of bone strength in this age group. Indeed, a recent case-control study in 
50 paired girls aged 4-15 .yrs old indicated smaller cross-sectional area might be a 
risk factor for forearm fracture, but not cancellous, integral, or cortical bone 
density. (6) 
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The study has a number of potential limitations. The ideal study to 
describe prevalence is a randomly selected population based sample with high 
response rates, which is difficult to obtain in children due to the lack of suitable 
databases. The children in this study are not representative of Southern 
Tasmanian children. They were originally selected on the basis of having a higher 
risk of sudden infant death syndrome. As a result, there was a higher proportion 
of males, premature babies, teenage mothers, and smoking during pregnancy. 
These findings suggest that this group be of a lower socio-economic status than 
the Tasmanian population as a whole. Based on our previous reports on this 
sample, the bias may not be of major concern with regard to the exposure-bone 
mass associations. (13) In addition, there was no significant differences between the 
fracture and non-fracture groups in any of the selected factors (with the exception 
of breastfeeding) suggesting that our results may be generalizable to other 
prepubertal children. 
Consistent with other studies, (2 ' 19) our result confirmed the age effect on 
fracture prevalence with an older age being associated with an increased chance of 
fracture. A higher proportion of sports participation in the fracture group was 
found in this study. This is in direct contrast to our previous finding in 
prepubertal children that sports participation was associated with increased BMD, 
particularly in boys. (13) This might suggest that sports participation leads to an 
increased risk of fall related fracture (19) and that the increase in BMD does not 
offset this (but may be of importance in fracture risk in later life). The loss of 
statistical significance for sports participation in the final model was due to 
adjustment for age, which is likely to be an intermediate variable with an increase 
in sports participation with age. (20) Moreover, most of the fractures in this 
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population occurred at home, not while actually playing competitive sport, and 
thus sports participation may be an indirect reflection of risk taking behaviour, (21) 
which suggests that further study of the relationship between risk taking behaviour 
and fracture risk in children is warranted. 
Our results also suggested that ever breastfeeding might be protective for 
fracture in prepubertal children. This is consistent with our previous study in 
prepubertal children, which demonstrated a beneficial association between 
breastfeeding in early life and bone mass in 8-year-old children born at term. (16) 
However, adjustment for BMD did not alter these results suggesting the 
breastfeeding effect may be through non-BMD related factors such as bone 
quality and / or falls. Furthermore, our results showed that there was no 
significant difference in the proportion with maternal fracture and maternal 
smoking during pregnancy between fractures and non-fractures although both of 
these factors were associated with bone mass in these children. (14 ' 15) Both groups 
also had a similar proportion in mothers with tertiary education and paternal 
unemployment suggesting that these socioeconomic factors have a limited role in 
fracture risk in young children. 
On the other hand, a higher proportion of inhaled corticosteroid usage 
(ICS) in the last year was found in the fracture group, but no significant different 
proportions in ever asthma and oral prednisolone in last year between these two 
groups. Again, the decrease in statistical significance was primarily due to 
adjustment for age and BMD had little effect. The effect of ICS on bone turnover 
has been contentious. Kinberg and their colleagues (22) indicated that children and 
adolescents with moderate to severe asthma, including those treated with inhaled 
corticosteroids had changes in bone turnover, but do not appear to have adversely 
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affected bone mass even this has been shown in adults. (23) Our previous study in 
this population has shown that a diagnosis of asthma was not associated with any 
deficit in bone mass, whereas usage of inhaled corticosteroid in the last year was 
associated with a deficit in bone mass, particularly for doses of 400 j.tg/day. (17) 
However, we did not have the power to investigate a dose-response in current 
study. Based on these findings, it might be hypothesised that ICS usage in the last 
year is a fracture risk factor in children possibly through a reduction in bone 
factors not measured by BMD. Consistent with this, a recent study in adults 
showed that vertebral fracture occurred in patients taking oral corticosteroids 
regardless of bone density. (24) The lack of a significant association with oral 
corticosteroids reflects both the rarity of this intervention in the population and its 
intermittent usage suggesting that the population attributable risk for fracture will 
be higher for ICS than oral corticosteroids in children. 
In conclusion, our results indicate that BMD may be less important than 
clinical risk factors for total fracture risk in prepubertal children. These findings 
merit further investigations in a larger population with greater emphasis on 
measurement of risk taking behaviour and less heterogeneity in fracture types. 
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Chapter 7 
Television, computer and video viewing, physical activity 
and upper limb fracture risk in children 
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7.1 	Brief introduction 
As mentioned in Chapter 6.1, the peak fracture incidence in early life has 
been hypothesized due to a lag of bone mineralization as compared to linear 
growth, (1, 2)  while uncontrolled studies attribute the peak to an increased 
participation in both organized and informal sports as well as the overall high 
level of physical activity during adolescence. (3 ' 4-6) Several case-control studies 
have indirectly supported the first hypothesis suggesting low bone mass is a risk 
factor for wrist and forearm fractures in children. (7-9) On face value, the latter 
hypothesis appears contradictory as accumulating evidence in children and 
adolescents strongly suggests that physical activity is beneficial with regard to 
bone mass. (10-12)  Thus, one would expect physical activity to decrease fracture risk 
in children unless the increased risk of fall related trauma outweighed the positive 
effects on bone density. So far, few controlled studies have been done in a young 
population to assess the overall impact of physical activity on different types of 
fractures and whether this is mediated by or is independent of bone density. The 
aim, therefore, of this population based case-control study was to investigate the 
association between television, computer and video viewing, types and patterns of 
physical activity and upper limb fractures in children 9-16 years of age. 
7.2 	Materials, methods and statistical analysis: 
For selection of subjects, anthropometry and bone measurement refer to 
Chapter 3.1 to 3.4. 
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Types of trauma 
Information of types of trauma associated with the fracture event was 
collected by questionnaire from the parent or guardian. The definition of degree of 
trauma was as per previously published criteria. (13) Slight trauma was defined as 
an injury caused by forces exerted by falling to the ground from standing height or 
less. A fall from 0.5 - 3 metres or similar velocity trauma was defined as moderate 
trauma and greater than 3 metres was defined as severe trauma. Where a fall was 
not involved in fracture etiology, a judgment was made on the equivalent degree 
of trauma. 
Assessment of physical activity 
Physical activity was retrospectively assessed in the year prior to study 
entry using a questionnaire validated in US adolescents, (14) which was modified 
after piloting to include popular Australian sports. The reference point was prior 
to the fracture date in both cases and controls. The test-retest Spearman 
correlation of overall leisure physical activity in hours/week over the last year was 
found to be 0.66. This questionnaire has demonstrated predictive validity in our 
hands. (15) This questionnaire has items on days of either vigorous activity or 
strenuous activity for greater than 20 minutes in the last two weeks (1- none, 2- 1- 
2 days, 3- 3-5 days, 4- 6-8 days, 5- 9 or more days); daily television, computer 
and video viewing in last week (1- up to 1 hour, 2- 2-3 hours, 3- 4-5 hours, 4- 6 or 
more hours); number of competitive sports in the last 12 months (1- none, 2- one, 
3- two, 4- three, 5- 4 or more) and activities done at least 10 times in the last 12 
months. These sports were further defined as contact and non-contact sports. For 
the purposes of this study, the definition of contact sports is a sport that involves 
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physical contact between players as part of normal play, such as Australian 
football league, rugby and indoor / outdoor soccer. The definition of non-contact 
sports is a sport where contact with another player is not allowed or penalized. 
Only individual sports with more than 100 participants in total were analyzed due 
to sample size considerations. 
Statistics 
Paired t-tests were utilized to compare the mean differences in age, 
anthropometry, and BMI between controls and cases. Chi-square test was used to 
compare the percentage of overweight/obesity and type of trauma between cases 
and controls for the different types of upper limb fractures. Univariate conditional 
logistic regression analyses were utilized to obtain the odds ratios for all of the 
physical activity variables. Test for trends of categorical variables were 
undertaken by replacing the binary variables used to estimate categorical effects 
with a single linear variable. In exploratory analyses, high-risk sports were 
defined as those sports with odds ratios greater than one with a p-value <0.10 in 
boys only (as odds ratios were generally less than one in girls). These included 
Australian football league, rugby, soccer, cricket and surfing. Any physical 
activity variable with a statistically significant association (P<0.05) with that 
fracture type was examined in multivariate analysis. Where significant 
heterogeneity due to gender was present, results are presented stratified by gender. 
For correlated statistically significant variables, backward stepwise regression was 
utilized to determine the best predictor for each type of fracture. This was done 
before and after adjustment for bone density (both dual energy X-ray 
absorptiometry and metacarpal morphometry simultaneously). A p-value less than 
Chapter 7: Association between TV watch, PA and upper limb fractures 	131 
0.05 (two-tailed) or a 95% confidence interval not including the null point were 
regarded as statistically significant. All statistical analyses were performed on 
SPSS version 10.0 for Windows (Cary, NC). 
7.3 	Results 
Table 7-1 documents the physical characteristics of study population. 
Cases and controls were closely matched on age, weight, height, BMI and 
percentage who were overweight or obese. However, the distribution of types of 
trauma was significantly different for the various upper limb fracture sites, with 
most trauma being observed for upper arm fractures and least for hand fractures. 
Significant differences in number of sports were observed for high risk and 
competitive sports for hand fractures; Tanner stage, light physical activity and 
television watching for wrist and forearm fractures and contact and high risk 
sports for upper arm fracture. 
Table 7-2 details the crude odds ratios for all physical activity variables by 
gender as well as the number of participants in each category. Contact, high-risk 
and competitive sports were associated with a significantly increased fracture risk 
in boys while total sports, non contact sports and high-risk sports were associated 
with a significantly decreased fracture risk in girls. A similar trend was observed 
for individual sports. Boys had an increased risk of fractures although these only 
reached statistical significance for Australian football league/rugby, soccer and 
surfing while girls had a decreased risk which only reached statistical significance 
for soccer. Consistent gender discordant associations were observed for total, 
contact, non-contact and high-risk sports participation and four individual sports 
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(all p<0.05). No gender discordance was observed for patterns of physical 
activity. However, statistically significant linear trends with total fracture risk 
were only observed in girls for light physical activity, strenuous physical activity 
and television, computer and video viewing with the former two being protective 
and the latter deleterious. 
Table 7-3 documents the crude odds ratios for all physical activity 
variables for wrist and forearm fractures stratified by gender. Light physical 
activity and competitive, contact and high risk sports participation was associated 
with reduced fracture risk in girls only with no apparent trend in boys while 
television watching was associated with increased fracture risk in boys with a 
similar trend in girls. The television watching association was also significant if 
treated as a continuous variable in boys and both sexes combined (Table 7-3, 
Figure 7-1) indicating a dose response association. The association between 
television watching and fracture risk was very similar in those with and without a 
sports associated fracture (OR for non-sport caused fractures and television 
watching: 1.4 [95% CI 1.0, 1.9]). High risk and competitive sports were 
associated with increased hand fracture risk in boys only while the number of 
contact sports was associated with increased upper arm fracture risk in boys only 
while light physical activity was protective (Table 7-4). No trends, either 
deleterious or beneficial were observed for girls for these fracture types probably 
due to insufficient sample size (data not shown). Being overweight or obese was 
not significantly associated with any type of upper limb fracture. 
Table 7-4 documents the results of multivariate analysis. All associations 
persisted after adjustment for other physical activity variables and bone mass with 
the exception of contact sports and wrist and forearm fracture risk in girls and 
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total and competitive sports and hand fracture risk in boys. All of the above 
associations did not alter after further adjustment for body composition. 
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Table 7•1, Characteristics of study sample: 
Hand (pairs=91) 
Cases 	Controls P-value 
Wrist and forearm (pairs=190) 
Cases 	Controls P-value 
Upper arm (pairs=40) 
Cases 	Controls P-value 
Age (year) 13.4 (2.0) 13.5 (2.0) 0.48 12.0 (2.0) 12.1 (2.1) 0.33 12.7 (2.2) 12.7 (2.3) 0.98 
Weight (kg) 54.5 (13.5) 55.9 (16.0) 0.41 46.2 (14.1) 47.0 (14.4) 0.41 51.2 (14.6) 51.1 (17.1) 0.96 
Height (m) 1.61 (0.12) 1.61 (0.14) 0.95 1.52 (0.14) 1.53 (0.14) 0.32 1.58 (0.14) 1.57 (0.15) 0.51 
BMI (kg/m 2) 20.8 (3.3) 21.3 (4.1) 0.37 19.6 (3.4) 19.7 (3.4) 0.68 20.1 (2.8) 20.3 (4.1) 0.82 
Tanner stage (category) 3.3 (1.2) 3.3 (1.1) 0.73 2.4 (1.2) 2.5 (1.2) 0.047 2.6 (1.3) 2.7 (1.3) 0.31 
Strenuous activity (category) 3.7 (1.3) 3.7 (1.3) 0.71 3.9 (1.3) 4.1 (1.2) 0.06 3.9 (1.4) 4.2 (1.1) 0.32 
Light activity (category) 4.0 (1.3) 4.0 (1.2) 0.81 4.1 (1.2) 4.3 (1.1) 0.02 3.9 (1.2) 4.4 (1.0) 0.08 
TV watching (category) 3.1 (0.9) 3.0 (0.8) 0.31 3.1 (0.8) 2.9 (0.7) 0.004 2.9 (0.7) 2.9 (0.9) 0.77 
Total sports (number) 9.0 (3.9) 8.7 (4.5) 0.54 8.3 (3.9) 8.5 (3.9) 0.34 9.9 (2.7) 9.0 (3.3) 0.21 
Competitive sports (number) 3.3 (1.2) 2.8 (1.3) 0.02 2.8 (1.4) 2.8 (1.3) 0.74 3.0 (1.3) 2.7 (1.4) 0.35 
Contact sports (number) 2.3 (1.6) 2.0 (1.5) 0.17 1.7 (1.3) 1.7 (1.4) 0.97 2.1 (1.2) 1.4 (1.2) 0.006 
Non-contact (number) 7.4 (3.0) 6.6 (3.2) 0.10 6.5 (2.9) 6.9 (3.2) 0.18 7.1 (3.5) 7.5 (3.4) 0.64 
High-risk sports (number) 2.9 (1.3) 2.5 (1.3) 0.01 2.4 (1.2) 2.4 (1.1) 0.92 2.7 (1.4) 2.1 (0.9) 0.002 
Overweight or obese (%) 29% 32% 0.63 26% 25% 0.81 30% 38% 0.48 
Degree of trauma (%)* 
Slight 91% 73% 65% 
Moderate 9% 25% 30% 
Severe 0% 2% 5% 
*: P-value=0.002 (Chi-square test) for heterogeneity in degree of trauma for different fracture types (upper arm > wrist and forearm > hand) 
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Table 7-2: Comparison of crude odds ratios for types and patterns of physical activity by gender: 
Boys (N=430) Girls (N=212) 
Test for 
heterogeneity 
Type of sport N# 	ORs (95% Cl) N# 	ORs (95% Cl) P-value 
AF Lt/Rug by 250 	1.82 (1.20, 2.77)* 11 	0.57 (0.17, 1.95) 0.08 
Athletics 165 	1.21 (0.82, 1.77) 101 	0.69 (0.39, 1.22) 0.11 
Basketball 165 	1.29 (0.86, 1.94) 44 	1.18 (0.53, 2.64) 0.85 
Bush walking 136 	1.10 (0.72, 1.70) 63 	1.14 (0.64, 2.02) 0.93 
Cricket 287 	1.47 (0.99, 2.16) 52 	0.52 (0.25, 1.09) 0.02 
Cycling 318 	1.42 (0.91, 2.22) 140 	0.81 (0.43, 1.53) 0.16 
Hockey 81 	1.65 (0.95, 2.88) 65 	0.91 (0.50, 1.67) 0.16 
Jogging/running 356 	0.79 (0.46, 1.37) 182 	0.47 (0.19, 1.15) 0.32 
Netball 13 	0.63 (0.20, 1.91) 104 	0.57 (0.31, 1.06) 0.89 
Roller blading 146 	1.32 (0.83, 2.11) 91 	0.84 (0.50, 1.41) 0.20 
Skateboarding 181 	1.45 (0.96, 2.19) 23 	0.89 (0.34, 2.30) 0.36 
Soccer 274 	1.55 (1.04, 2.31)* 55 	0.45 (0.21, 0.99)* 0.01 
Surfing 129 	1.65 (1.08, 2.52)* 31 	0.64 (0.28, 1.49) 0.05 
Swimming laps 216 	1.16 (0.80, 1.68) 136 	0.52 (0.27, 1.02) 0.04 
Tennis 99 	1.09 (0.68, 1.77) 49 	0.64 (0.34, 1.20) 0.18 
Walking 302 	0.83 (0.55, 1.27) 172 	1.00 (0.43, 2.31) 0.70 
Types of sport participation (OR/number of sports) 
Total sports 1.04 (0.99, 1.09) 0.90 (0.82, 0.99)* 0.01 
Contact sports 1.37 (1.13, 1.67) ** 0.73 (0.50, 1.07) 0.00 
Non-contact sports 1.03 (0.97, 1.08) 0.91 (0.82, 1.00) 0.04 
High-risk sportsT 1.38 (1.16, 1.63) ** 0.60 (0.40, 0.89) * 0.00 
Competitive sports 1.17 (1.00, 1.38) 0.94 (0.75, 1.18) 0.12 
Patterns of physical activity (PA) (ORlincreasing category) 
Light PA 0.90 (0.76, 1.06) 0.76 (0.58, 0.99) * 0.28 
Strenuous PA 0.99 (0.84, 1.16) 0.76 (0.60, 0.95) * 0.06 
TV watching 1.22 (0.95, 1.56) 1.60 (1.08, 2.39) * 0.25 
#: Total number of participants for each sport 
T: Australian football league 
*: p<0.05 
0 4 
4 1-2 days 	 12 
3-5 days 16 
6-8 days 	24 
?_ 9 days 63 
0 	 2 
1-2 days 	 13 
3-5 days 15 
6-8 days 	 14 
9 days 75 
Linear trend inear 
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Table 7-3: Odds ratios of physical activity and sports participation for wrist and forearm fractures in boys and girls: 
4 
10 
Cases 
10 
Girls 
	 Controls 	 ORs 
	1 1.00  1.00
14 	1 	 1.2 (0.5, 3.2) 
33 0.6 (0.2, 1.4) .
0.07 
1 
4 	1 	 1.0 
6 
12 	1 	 0.4 (0.1, 1.7) .
48 0.2 (0.1, 0.8)* . , 
0.004 
01 
17 	J 1.0 
47 1.1 (0.5, 2.6) 
5 	1. 2.4 (0.8, 7.0) 
2 	J 
0.13 
12 	 1.0 
18 0.5 (0.2, 1.3) .
22 	 0.3 (0.1, 0.8) 
10 	-1. 0.5 (0.2, 1.5) 
9 	J 
Sports participation during the past 12 months (continuous variables) 
Total number 
Non-contact sports 
Contact sports 
High-risk sports 
2.2) 	16 
2 	 24 	 27 	 0.9 (0.4, 2.1) 11 
3 24 	1 	16 1 1.4 (0.6, 3.2) 	11 1. 
4 or more 	 19 _I 18 J 	 9 	J 
Linear trend 0.42 	 0.15 
1.0 (0.9, 1.1) 0.9 (0.8, .	 1.0) .
1.0 (0.9, 1.1) 0.9 (0.8, 1.0) .
1.1 (0.9, 1.4) 0.6(0.4, .  .	  0.9)* 0.9)
1.2 (0.9, 1.4) 0.5 (0.3, . 0.8) ** 0.8
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Table 7-4: Multivariate model of selected factors for different types of upper limb fractures: 
Unadjusted Adjusted step ft Adjusted step 24 
Wrist and forearm 
Whole group (190 pairs) 
TV watching 1.5 (1.1, 2.0)** 1.5 (1.1, 2.0) ** 1.6 (1.1, 2.2) " 
Light physical activity 0.8 (0.7, 1.0)* 0.8 (0.7, 1.0) * 0.8 (0.7, 1.0)* 
Boys (119 pairs) 
TV watching 1.6 (1.1, 2.3)* 1.6 (1.1, 2.4)* 
Girls (71 pairs) 
Light PA 0.6 (0.4, 0.8) " 0.6 (0.4, 0.9)** 0.6 (0.4, 0.9)** 
Contact sports 0.6 (0.4, 0.9)* 
High-risk sports 0.5 (0.3, 0.8)" 0.5 (0.3, 0.9) * 0.5 (0.3, 0.9)* 
Hand 
Boys (70 pairs) 
High-risk sport 1.5 (1.1, 2.0)** 1.5 (1.1, 2.0)** 1.5 (1.1, 2.0)** 
Total sports 1.1 	(1.0, 1.2)* 
Competitive sports 1.4 (1.0, 2.0)* 
Upper arm 
Boys (26 pairs) 
Light PA 0.6 (0.3, 0.9)* 0.4 (0.2, 1.0) * 0.2 (0.1, 0.9)* 
Contact sports 5.4 (1.3, 21.4)* 9.2(1.4, 60.4) * 29.8 (1.7, 535.1)* 
t: Step 1: variables remaining statistically significant after backward stepwise analysis 
#: Step 2: variables in step 1 further adjusted for lumbar spine bone mineral density and metacarpal index 
which remain significant explanatory variables for wrist and forearm fractures only. 
*: p<0.05; **: p<0.01 
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Figure 7-1: Association between the amount of time spent television, computer 
and video viewing and wrist & forearm fracture risk. 
There is a highly statistically significant linear association between fracture risk 
and time spent television, computer and video viewing with cases over-
represented in the higher categories and under-represented in the lower categories. 
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7.4 	Discussion 
This population based case-control study is the first report 
comprehensively describing the associations between television, computer and 
video viewing, physical activity and upper limb fractures in children. Importantly, 
it adds to the existing literature on adverse effects of television viewing in 
children. Furthermore, the results suggest that an assessment of the impact of 
physical activity on the risk of upper limb fractures in children needs to consider 
types and patterns of physical activity as well as the effect of gender. 
The increased time spent by children watching television/video or playing 
computer games is of increasing public health concern. It has been linked to 
physical inactivity, obesity, aggressive behavior and short-term growth delay. (16- 
20) In this study, we found a deleterious dose-response association between time 
spent television, computer and video viewing and wrist and forearm fracture in 
both sexes but especially boys. This was not observed for hand and upper arm 
fractures. Somewhat surprisingly, this effect was independent of bone mass and 
patterns of physical activity in our population. In addition, it was also 
independent of co-ordination measures and risk taking (Chapter 8), which does 
not provide a clear mechanism for this association. One possible explanation is 
that there might be an adverse effect on bone quality which is not detected by 
DXA or metacarpal morphometry. Alternatively, it is more likely to be related to 
behavioral abnormalities such as social problems, delinquent and aggressive 
behavior or externalization, which have been linked with excessive television, 
18)17, computer and video viewing, ( 	and closely parallel a report documenting a 
high prevalence of social competence and behavioral difficulties in children with 
fractures. (21) This implies that television, computer and video viewing may be 
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acting either a cause or a marker of behavioral and psychosocial disturbance in 
children. 
The effect of physical activity on fracture risk is determined by its net 
effect on fall related trauma and bone strength. Based on observational studies, 
leisure time physical activity is associated with decreased fracture risk in older 
adults and this reduction is larger than would be expected from an effect on bone 
density alone suggesting it also reduces the risk of falling. (22,23)  However, mostly 
uncontrolled studies in children have linked higher physical activity level and 
sports participation with increased rates of injury and fracture. (3,4-6,24) The 
results from two available case-control studies are contradictory with one 
reporting an inverse association between activity level and fracture risk and the 
other a positive association although the former may have been biased by 
assessing physical activity with a reference point after the fracture event. (25,26) 
The current study favors a protective effect of strenuous activity in girls for total 
fractures and light activity in both sexes but especially girls for wrist and forearm 
fracture. These associations were also largely independent of bone strength 
measured by both DXA and metacarpal morphometry which we have previously 
reported as a fracture risk factor in this same sample. (9) This implies that the 
beneficial effect of physical activity is mostly due to a reduction in the risk of fall 
related trauma. Furthermore, the observation that physical activity but not obesity 
or overweight was associated with fracture risk does not support a primary role 
for obesity per se in the aetiology of these fractures in our population. This is 
directly contradictory to studies in New Zealand children and suggests 
geographic variation in fracture risk with body composition. 
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Another novel finding was that sports participation was associated with 
fracture risk and this association is dependent both on type of sport and type of 
fractures. Sports participation increased the risk of total, hand and upper arm 
fractures in boys and decreased total and wrist and forearm fracture risk in girls. 
In this study, high-risk sports were Australian football league, rugby, soccer, 
cricket and surfing. All of these sports except surfing are on the list of five most 
common sports associated with sport injuries in Australian children. (27) The 
similar trait is that most are contact and/or competitive team sports or have the 
potential for substantial trauma suggesting participation in such sports may reflect 
a higher risk seeking behaviour as proposed by Patel. (28) This is also consistent 
with our previous report documenting sports participation as a risk factor for total 
fracture risk in prepubertal children independent of bone mass. (29) In addition, our 
recent report in this sample has shown low bone mass is associated with wrist and 
forearm fracture, but not hand and upper arm fractures, (9) which suggests that a 
higher degree of trauma might be required for hand and upper arm fractures as 
compared to wrist and forearm fracture. Our data partially support this with a 
higher percentage of moderate to severe trauma for upper arm fracture, but less 
trauma for hand fracture. The latter finding could be explained by hand bones 
being smaller in size and thus requiring relatively less trauma to fracture. 
A gender discordant effect of sports participation was also observed. There 
was a consistent trend for all types and levels of physical activity and sports 
participation to be protective for upper limb fractures in girls although not all were 
statistically significant. Conversely in boys, participation in most sports appeared 
to increase fracture risk. This gender discordance was significant for four 
individual sports and all sport categories with the exception of competitive sports. 
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The discordance was also present for all fracture types but particularly hand and 
upper arm fractures. This is consistent with a previous uncontrolled report 
indicating a higher proportion of fractures due to sport accidents in boys as 
compared to girls. (3) These effects were independent of bone mass and suggest 
different approaches to sports in boys and girls. They imply that, specifically for 
fracture prevention, all sports should be encouraged in girls but that boys should 
be steered towards sports with a lower potential for trauma. 
This study has a number of potential limitations as outlined in previous 
Chapters. In addition, the measurement of physical activity in children is difficult. 
In this study, physical activity level was assessed based on a two-week recall 
period prior to the fracture event to avoid any alterations in physical activity 
induced by the fracture itself. As this was measured within 4 months of the 
fracture event in most cases, there is a small potential for misclassification of 
activity based on poor recall. Prospective studies will be required to more fully 
address this. This questionnaire will reasonably assess current physical activity 
but may only approximate habitual physical activity. However, it correlates 
moderately well with past year physical activity suggesting this is not a major 
problem (14) and the overall effect of measurement error will be an attenuation of 
the association between physical activity and fracture risk. Lastly, there was a 
high overall level of physical activity with a high average number of sports and 
over 85% of controls and 83% of cases reporting greater than 3 to 5 days per 
fortnight involved in strenuous physical activity in the last two weeks. This is 
0) consistent with a previous Australian study, (3 but may make it more difficult to 
observe associations between strenuous activity and fracture risk 
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In conclusion, there is gender discordance with regard to sports 
participation and fracture risk in children which may reflect different approaches 
to sport. Importantly, television, computer and video viewing has a dose 
dependent association with wrist and forearm fractures while light physical 
activity is protective. The mechanism is unclear but may involve bone 
independent factors or less likely changes in bone quality not detected by DXA or 
metacarpal morphometry. 
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Chapter 8 
Risk-taking, coordination and upper limb fractures in 
children 
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8.1 	Brief introduction 
Fracture incidence is bimodal (I) with a peak in later life due to 
osteoporosis and a less recognized peak between 10 and 15 years especially for 
upper limb fractures. (2-6) Falls are the main precipitating event for fractures in 
both age groups. (7) In the elderly, risk of falling is equally important to bone 
density in terms of fracture etiology. (8) However, there are very limited data on 
the associations between fall-related factors and fracture risk in children. Poorer 
judgment, recklessness and increased risk-taking are common characteristics of 
adolescence. (9 ' 10) In addition, rapid changes in height, muscle strength and total 
body moment of inertia may lead to a greater tendency to fall due to a temporarily 
decreased coordination. (11 ' 12) Thus falls and fall related injury during the growth 
spurt in children may be due to increased risk taking behavior and/or poorer 
intrinsic coordination. Coordination time has been linked to lower extremity 
fracture risk (13) but there have been no reports on whether the numerically more 
common upper limb fracture is related to deficits in intrinsic coordination or a 
propensity to take risks or a combination of the two. The aim, therefore, of this 
population based case-control study was to investigate the association between 
risk taking behavior, coordination and upper limb fracture risk in boys and girls 
aged 9 to16 of years. 
8.2 	Materials, methods and statistical analysis 
The selection of subjects and relevant measurement refer to Chapter 3.1 
to 3.4 and Chapter 7.2. (Degree of trauma) 
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Assessment of risk taking behaviour 
An interview-administered questionnaire was used for the assessment of 
risk taking behaviour. While scales exist for sexual and drug taking risk 
behaviour, there are limited scales on physical risk taking. We chose five areas 
from previously validated questionnaires that were further modified for Australian 
15 14, 	) conditions. ( The questions were: (1) Have you ever done something risky or 
dangerous on a dare [1- never; 2- once or twice; 3- several times]; (2) Have you 
ever climbed to the top of a high tree [1- never; 2- once or twice; 3- several 
times]; (3) You think you would like to participate or actually participate in 
skateboarding [1- would never try; 2- would like to try; 3- have tried; 4- 
sometimes do; 5- often do]; (4) Cycling fast down a hill [1- would never try; 2- 
would like to try; 3- have tried; 4- sometimes do; 5- often do]; (5) I would ride a 
motorcycle [1-never; 2-only with friends or someone I know; 3- alone]. Scores 
for each item were examined and a total risk-taking score was computed by 
summing each individual score. Possible scores could range from 5 to 19. The 
median total risk-taking score of 13 was selected as a cut-point to dichotomise 
risk-taking behaviour. 
The movement ABC assessment battery 
There is no "gold standard" for the assessment of children with motor 
problems. The movement ABC assessment battery (M-ABC) is one of the most 
frequently used screening test to objectively assess, identify and describe 
movement difficulties in children by clinicians and researchers for screening, 
planning intervention and clinical exploration. Although the reliability and 
validity of the M-ABC has not been adequately established, studies of the Test of 
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Motor Impairment (TOMI), (16) the predecessor of the M-ABC (which differs little 
in content from the M-ABC), indicate that it was reliable and useful in identifying 
children with motor problems. This test is a normative assessment instrument. The 
tasks are organized differently for different age bands but still comply with the 
basic structure of the test. There are eight items for testing manual dexterity, ball 
skills and static and dynamic balance. For manual dexterity, it includes three tests 
on shifting pegs by rows, threading nuts on a bolt and a flower trail (involving 
drawing a line between parallel lines in the shape of a flower and scoring the 
number of times the lines were crossed) for children between 9 to 10 years old and 
turning pegs, cutting-out an elephant and a more difficult flower trail for children 
over 11 years old. For ball skills, it includes two tests on two-hand catch and 
throwing a beanbag into a box for children between 9 to 10 years old and one-
hand catch and throwing at a wall target for children aged 11 years or older. For 
static and dynamic balance, it consists of one test for static balance and two tests 
for dynamic balance including one-board balance (standing on one balance board 
without touching of the bases and scoring the time) hopping in squares and ball 
balance (holding a board with a ball on walking around and scoring the times of 
ball dropping down) for children between 9 to 10 years old and two-board balance 
(heel-to-toe standing on two end-to-end balance board and scoring the time) 
jumping and clapping and walking backwards for children aged 11 years or older. 
In this study, turning/shifting pegs skill (a measure of manual dexterity part) was 
measured for both hands separately. As it was considered that the fracture itself 
may affect hand scores, scores of cases were from the un-fractured side and 
matched scores of controls were selected based on hand preference. Scores for 
each item were examined separately and a total score was calculated by adding 
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each individual score. Each item is scored from 0 to 5. The maximum total score 
is 40. For all ages a score of less than 10 is categorized as normal, 10 to 14 as 
motor impairment and greater than 14 as serious motor impairment. (17) 
Statistics 
Paired t-tests were utilized to compare the mean differences in age, 
anthropometry, and BMI between controls and cases. Chi-square test was used to 
compare the percentage of motor impairment between cases and controls for the 
different types of upper limb fractures. Univariate conditional logistic regression 
analyses were utilized to obtain the odds ratios for risk-taking and coordination 
variables. Test for trends of categorical variables were undertaken by replacing 
the binary variables used to estimate categorical effects with a single linear 
variable. For correlated predictors, backward stepwise regression was utilized to 
determine the best predictor for each type of fracture. Models were separately 
constructed for total scores and component scores for risk taking and 
coordination. This was done before and after adjustment for bone density (both 
dual energy X-ray absorptiometry and metacarpal morphometry simultaneously). 
A p-value less than 0.05 (two-tailed) or a 95% confidence interval not including 
the null point were regarded as statistically significant. All statistical analyses 
were performed on SPSS version 10.0 for Windows (Cary, NC). 
8.3 	Results 
Table 8-1 documents the physical characteristics of the study population. 
Cases and controls were closely matched on age, weight, height and BMI. 
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However, the distribution of degree of trauma was significantly different for the 
various upper limb fracture sites, with most trauma being observed for upper artn 
fractures and least for hand fractures. Risk taking scores were higher for hand 
fractures only. There was no statistically significant difference in the distribution 
of motor impairment between cases and controls for the different types of upper 
limb fracture. 
Table 8-2 documents the crude odds ratios of risk-taking behavior by type 
of upper limb fracture. Hand fracture risk increased with all items. However, this 
only reached statistical significance for dichotomized total risk-taking score, 
cycling fast downhill and dare behaviour. Risk taking was not significantly 
associated with other fracture sites. As a whole group, boys had higher risk taking 
scores than girls for the total score (13.7 vs 10.7, p<0.001) and all individual items 
(all p<0.05). However, with the exception of skateboarding and total fracture risk 
in boys (OR: 1.22/category, 95%Ci: 1.04-1.44), there were no significant 
differences if analyses were stratified by gender. 
Table 8-3 documents the association between coordination measures and 
the different types of upper limb facture. Ball skills were not associated with any 
upper limb fracture. Manual dexterity (both flower trail and cutting/threading) and 
dynamic balance were associated with wrist and forearm fracture only. As 
compared to controls, those with motor impairment or serious motor impairment 
were at no higher risk of any fracture type (all p>0.05). As compared to girls, boys 
had superior total coordination scores for the total score (7.9 vs 9.1, p=0.04). 
However, the only individual component that was significantly different was ball 
skills (0.5 vs 1.6, p<0.001). In addition, there were no gender differences in the 
associations with any types of fractures if data were stratified by gender. 
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Table 8-4 presents the results for multiple conditional logistic regression 
analysis. For hand fracture, cycling fast downhill and dare behavipur were two 
components of the total risk-taking score. If both were in the same model, they 
became of borderline significance. However, total risk-taking score remained 
statistically significant even after adjustment for bone mass. For wrist and forearm 
fracture, the correlation between flower trail score and cutting out an 
elephant/threading nuts was 0.49 (p<0.001). Stepwise regression initially selected 
flower trail and dynamic balance. Of these two variables, stepwise regression then 
selected dynamic balance which remained statistically significant after adjustment 
for bone mass. Neither risk-taking nor coordination showed a significant 
association with upper arm fracture. 
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Table 8-1. Characteristics of study sample 
Cases 
Hand 
Controls P-value Cases 
Wrist and forearm 
Controls P-value Cases 
Upper arm 
Controls P-value 
Age (year) 13.4 (2.0) 13.5 (2.0) 0.48 12.0 (2.0) 12.1 (2.1) 0.33 12.7 (2.2) 12.7 (2.3) 0.98 
Weight (kg) 54.5 (13.5) 55.9 (16.0) 0.41 46.2 (14.1) 47.0 (14.4) 0.41 51.2 (14.6) 51.1 (17.1) 0.96 
Height (m) 1.61 (0.12) 1.61 (0.14) 0.95 1.52 (0.14) 1.53 (0.14) 0.32 1.58 (0.14) 1.57 (0.15) 0.51 
BMI (kg/m 2) 20.8 (3.3) 21.3 (4.1) 0.37 19.6 (3.4) 19.7 (3.4) 0.68 20.1 (2.8) 20.3 (4.1) 0.82 
Fat mass (kg) 12.2 (7.2) 13.7 (9.5) 0.19 11.4 (7.7) 11.0 (6.9) 0.55 11.8 (5.9) 12.4 (8.0) 0.65 
Lean mass (kg) 38.7 (9.8) 38.6 (9.7) 0.87 31.9 (9.4) 32.9 (9.7) 0.05 36.1 (11.0) 35.1 (11.9) 0.49 
Risk taking score 13.6 (2.9) 12.5 (3.1) 0.01 12.5 (3.4) 12.4 (3.2) 0.85 12.9 (3.7) 12.9 (3.7) 1.00 
Degree of trauma (%)* 
Slight 91% 73% 65% 
Moderate 9% 25% 30% 
Severe 0% 2% 5% 
Distribution of motor function 0.35 0.47 0.91 
Normal 61% 60% 60% 66% 73% 73% 
Motor impairment 26% 19% 18% 17% 13% 10% 
Serious motor impairment 13% 21% 22% 18% 15% 18% 
*P-value=0.002 (Chi-square test) for heterogeneity in degree of trauma for different fracture types 
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Table 8-2: Association between risk taking behaviour and upper limb fractures: 
Hand 
Skateboarding? 
Never/ Would try 	 1.00 
Unadjusted Odd Ratios (95% Cl) 
Wrist and Forearm 
1.00 
Upper arm 
1.00 
Have tried 	 0.97 (0.42, 2.20) 1.16 (0.66, 2.06) 1.29 (0.39, 4.21) 
Sometimes / Often do 	 1.74 (0.73, 4.15) 1.31 (0.76, 2.26) 0.71 (0.20, 2.57) 
Linear trend 	 0.14 0.34 0.63 
Cycle fast down a hill? 
Never/ would / have tried 	 1.00 1.00 1.00 
Sometimes/often do 	 2.00 (1.08, 3.72)* 0.93 (0.59, 1.45) 1.50 (0.53, 4.21) 
I would ride a motorcycle? 
Never 	 1.00 1.00 1.00 
Only with friends 	 1.13 (0.47, 2.71) 0.87 (0.50, 1.51) 1.56 (0.53, 4.61) 
Alone 	 1.54 (0.68, 3.50) 0.78 (0.44, 1.38) 1.35 (0.35, 5.19) 
Linear trend 	 0.24 0.39 0.73 
Have you ever climbed to the top of a high tree? 
Never 	 1.00 1.00 1.00 
Once or twice 	 1.39 (0.57, 3.37) 0.70 (0.39, 1.28) 0.56 (0.18, 1.80) 
Several 	 1.78 (0.88, 3.60) 1.15 (0.69, 1.89) 1.06 (0.34, 3.31) 
Linear trend 	 0.10 0.49 0.89 
Have you ever done something risky or dangerous on a dare? 
Never/Once or twice 	 1.00 1.00 1.00 
Several 	 3.25 (1.06, 10.0) * 0.94 (0.46, 1.90) 0.83 (0.25, 2.73) 
Total risk taking score 
Dichotomized (s13 or >13) 	 2.55 (1.27, 5.11)** 	 1.08 (0.69, 1.69) 	 1.67 (0.61, 4.59) 
*: p<0.05; **: p<0.01 
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Table 8-3: Association between coordination measures and upper limb fractures: 
Cases 
Hand 
Controlst 
Unadjusted 
ORs (95% Cl) Cases 
Wrist and forearm 
Unadjusted 
Controlst 	ORs (95% Cl) Cases 
Upper arm 
Controlst 
Unadjusted 
ORs (95% Cl) 
Total motor score 
Continuous variable 8.4(6.4) 8.4(6.9) 1.00 (0.95, 1.06) 9.1(7.1) 8.0(6.8) 1.03 (1.00, 1.07) 7.3(5.8) 7.2 (6.0) 1.01 (0.91, 1.11) 
Manual dexterity 
Turn/shift peg# 1.2 (1.8) 0.8 (1.4) 1.23 (0.99, 1.53) 1.1 	(1.5) 1.1 	(1.6) 1.01 (0.89, 1.16) 0.7 (1.1) 1.0 (1.7) 0.75 (0.48, 1.15) 
Cut/thread 0.9 (1.6) 1.1 (1.6) 0.93 (0.75, 1.15) 1.1 	(1.6) 0.8 (1.4)* 1.18 (1.01, 1.39)* 0.8 (1.2) 0.9 (1.6) 0.93 (0.69, 1.26) 
Flower trail 1.3 (1.7) 1.1 	(1.7) 1.11 (0.89, 1.38) 1.4 (1.8) 1.1 	(1.7)* 1.22 (1.03, 1.44)* 1.6 (1.9) 0.9 (1 I)* 1.48 (0.99, 2.19) 
Ball skill 
Total score 0.6 (1.3) 0.6 (1.3) 1.04 (0.83, 1.32) 1.0 (1.8) 1.1 (1.9) 0.97 (0.85, 1.10) 0.8 (1.5) 0.7 (1.3) 1.09 (0.72, 1.66) 
Catching 0.1 (0.4) 0.3 (0.9) 0.78 (0.48, 1.25) 0.6 (1.2) 0.5 (1.2) 1.03 (0.84, 1.25) 0.3 (0.6) 0.3 (0.9) 0.89 (0.45, 1.76) 
Throwing 0.5 (1.1) 0.3 (0.8) 1.26 (0.90, 1.76) 0.5 (1.1) 0.6 (1.0) 0.89 (0.72, 1.10) 0.6 (1.1) 0.4 (0.8) 1.42 (0.73, 2.74) 
Static and dynamic balance 
Total score 4.2 (3.5) 4.6 (4.2) 0.97 (0.88, 1.06) 4.5 (3.8) 3.9 (3.6) 1.05 (0.99, 1.11) 3.5 (3.3) 3.8 (3.6) 0.96 (0.82, 1.12) 
Board balance 
Dynamic balance 
2.1 (1.9) 
2.2 (2.5) 
2.6 (2.0) 
2.1 (3.0) 
0.87 (0.74, 
1.03 (0.90, 
1.02) 
1.18) 
2.2 (1.9) 
2.3 (2.7) 
2.2 (1.8) 
1.7 (2.6)* 
0.99 (0.88, 1.10) 
1.11(1.02, 1.21)* 
1.4 (1.7) 
2.1 (2.6) 
2.0 (1.9) 
1.9 (2.7) 
0.85 (0.66, 
1.05 (0.84, 
1.09) 
1.30) 
Motor impairment 
Normal 1.00 1.00 1.00 
Impaired 1.25 (0.56, 2.81) 1.25 (0.71, 2.20) 1.16 (0.28, 4.79) 
Seriously impaired 0.55 (0.20, 1.52) 1.45 (0.78, 2.68) 0.80 (0.16, 4.01) 
Test for trend 0.41 0.19 0.84 
tt: un-fractured side for cases, matched with preference hand with controls. 
t: mean (SD): paired t-test between cases and controls 
*: p<0.05 
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Table 8-4: Multivariate model of selected factors and upper limb fractures: 
Hand 
Unadjusted 
Odd Ratios/unit (95% Cl) 
Adjusted step it Adjusted step 2# 
Cycling 2.00 (1.08, 3.72) * 1.85 (0.98, 3.51) 
Dare 3.25 (1.06, 10.0) * 2.86 (0.91, 9.02) 
Total score (dichotomized) 2.55 (1.27, 5.11) " 2.98 (1.29, 6.88) * 
Wrist and forearm 
Flower trail 1.22 (1.03, 1.44) * 1.16 (0.98, 1.39) 
Dynamic balance 1.11 (1.02, 1.21) * 1.09 (0.99, 1.19) 1.13 (1.03, 1.25) * 
f: Adjusted for other variables 
#: Adjustment for other variables as well as lumbar spine apparent bone mineral density and 
metacarpal index (The bone density variables remained significant explanatory variables in the 
wrist and forearm model only) 
**: P<0.01; *: P<0.05 
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8.4 	Discussion 
This population based case-control study is the first report describing the 
associations between risk-taking behavior, motor coordination and upper limb 
fractures in children. The propensity to take risks was most strongly associated 
with hand fracture while coordination measures were associated with wrist and 
forearm fracture suggesting these fractures have differing fall mechanisms. All 
associations were independent of bone mass. 
Behaviours associated with some of the major mortalities and morbidities 
of adolescence share a common theme: risk taking, which emerges as a normal 
component of adolescent bio-psychosocial development and results from an 
interaction of bio-psychosocial process and the environment. (18) Indeed, a 
previous study indicated a higher degree of social competence problems and 
behavioural difficulties that constituted risk factors typical for children with 
fractures. (19) Thus, identification of fracture-related risk-taking behaviour may be 
helpful in fracture prevention. In this study, we report a fracture site-specific 
effect of risk-taking, which was only associated with increased hand fracture risk 
which is of particular significance when considered with our previous report that 
bone density was not associated with fractures at this site. (20) Risk taking was not 
associated with wrist and forearm or upper arm fractures. The lack of association 
with the latter is somewhat unexpected given the higher degree of trauma 
observed with upper arm fracture. This is most likely to be due to sample size 
considerations. On the other hand, the measurement instrument focused on 
physical activity related risk-taking only (including motor/recreational vehicle 
use), which is likely to be the most important with regard to physical injury, but 
there may be other important fracture related behaviours that we have not studied. 
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In addition, we could not identify which component of risk taking was most 
sensitive as the model selected the total score. More work on the assessment of 
physical activity related risk behaviour in children is desirable to further evaluate 
its role in physical injury in this age group. 
Fall injury rates appear to correspond to the two fracture peaks in the 
young and the old. (7) A previous case-control study of lower extremity fractures 
has linked this to a slower reaction time and poorer coordination. (13) In this study, 
manual dexterity and dynamic balance score were associated with wrist and 
forearm fracture suggesting coordination is also important in the etiology of wrist 
and forearm fracture in children. The association between manual dexterity and 
fractures may be influenced by fracture itself To control for this, we only 
included comparisons of the non-fractured side for hand specific measures (if 
fracture side is dominant hand, the scores for non-dominant hand of controls were 
selected to compare with). Thus, our data suggest but do not confirm that poor 
manual dexterity may precede the fracture event. Further studies of manual 
dexterity would need to be prospective in nature. Dynamic balance is unlikely to 
be influenced by an upper limb fracture event thus implying that improving 
dynamic balance in children will decrease wrist and forearm fracture risk. Motor 
impairment and serious motor impairment were not related to any type of upper 
limb fracture risk suggesting a more severe threshold effect does not apply. 
A gender difference in risk-taking and coordination is a potential 
explanation of the sex difference in fracture incidence in adolescence. In this 
study, boys did have a markedly higher risk-taking score than girls for all items. 
The gender difference did not influence the magnitude of the association between 
risk-taking and fracture risk, indicating that a higher score in boys is likely to lead 
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to a higher absolute fracture risk. This seems not to be the case with coordination 
measures. Boys had better ball skills but this was not related to fracture risk. 
These add to our recent report that sports participation increases fracture risk in 
boys and decreases fracture risk in girls (21 ) suggesting an additive interaction 
between risk taking and sports participation with regard to fracture incidence in 
adolescence. 
This study has a number of potential limitations as outlined in previous 
chapters. In addition, the risk-taking questionnaire we utilised has not been fully 
validated in any study population although these questions have been adapted 
from other validated instruments. Lastly, the fracture event may falsely worsen the 
coordination scores. This is most likely to apply to the hand specific measures. 
When this is combined with the marginal statistically significant odds ratios for 
manual dexterity and wrist and forearm fracture, caution should be exercised in 
interpreting a causal association. 
In conclusion, the propensity to take risks is most strongly associated with 
hand fracture risk while dynamic balance is most strongly associated with wrist 
and forearm fracture risk in children. These results inform the development of 
fracture prevention strategies in children. 
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Chapter 9 
Soft drink and milk consumption, physical activity, bone 
mass and upper limb fractures in children 
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9.1 	Brief introduction 
A number of studies have confirmed that low bone mineral density is a 
risk factor for wrist and forearm fracture. (1-3) Trends in beverage consumption 
among children and adolescents suggest that soft drinks may be replacing more 
nutritious beverages such as milk. (4,5)  Studies have linked the consumption of 
carbonated beverages with bone density in girls only (6,7)  and increased total 
fracture risk in male and female children. (8-10) A number of possible mechanisms 
have been put forward to explain this: a decreased calcium intake due to 
replacement of milk in the diet and a relatively high intake of caffeine, phosphoric 
acid and/or sugar. (6 ' 11 ' 12) Furthermore, the strength of the association with 
fracture risk appears to be more marked in active children, possibly due to 
increased rehydration needs of active children. (10) However, whether the 
deleterious effect of soft drink consumption on fracture is mediated through an 
influence on bone mass, through the replacement of milk intake or other correlates 
of soft drink intake such as physical activity level remains uncertain. (11) 
Therefore, the aims of this population based case-control study were to investigate 
whether soft drink and milk consumption is associated with upper limb fracture 
risk in children aged 9-16 years of age and to explore whether this effect is 
mediated through bone density, physical inactivity and/or milk intake. 
9.2 	Materials, methods and statistical analysis 
The selection of subjects and relevant measurements refer to Chapter 3.1 
to 3.4 and Chapter 7.2. 
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Estimation of soft and daily drink consumption 
From April 2001, subjects had a face-to-face interview with a research 
assistant to estimate the average consumption frequency of dairy, colas and total 
carbonated drinks in a normal week. An ordinal frequency scale of these drinks 
was constructed as 1-none; 2-1 to 2; 3-3 to 5; 4-6 to 7 and 5-more than 7. Total 
energy intake was not assessed due to the extra subject response burden. The 
performance of the food frequency questionnaire was not compared to another 
method of measuring usual dietary intake for this age group, however work 
conducted in Australia indicates the utility of this method in Australian children. 
(13,14) 
Statistics 
Paired t-tests were utilized to compare differences between cases and 
controls. Z-scores were calculated for bone measures. First, bone measures were 
log-transformed. Secondly, each log-transformed variable was regressed on age, 
weight and height for the controls only. The standardized residuals from this 
linear regression were then saved as Z-scores for controls. The regression 
coefficient obtained for each variable was then used to calculate Z-scores for cases 
using standard formulae. Partial correlation was used to obtain the correlation 
coefficients between milk, soft drinks, physical activity and z-transformed BMD 
after controlling for age, weight, height, gender and case status. Univariate 
conditional logistic regression was utilized to obtain the odds ratios for fracture 
for each drink variable. Test for trends of categorical variables were undertaken 
by replacing the binary predictors used to estimate categorical effects with a 
single linear predictor. An interaction term was created to test the difference 
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between genders. Any variable with a statistically significant association with 
fracture was examined in multivariate analysis with further adjustment for milk 
intake, television watching and bone mass. A p-value less than 0.05 (two-tailed) 
or a 95% confidence interval not including the null point were regarded as 
statistically significant. Adjustment for multiple comparisons was not performed. 
All statistical analyses were performed on SPSS version 10.0 for Windows (Cary, 
NC). 
9.3 	Results 
A total of 412 subjects took part with 47 hand fractures; 128 wrist and 
forearm fractures and 31 upper arm fractures. The degree of trauma associated 
with fracture was 77% slight, 21% moderate and 2% severe. 
Table 9-1 documents the physical characteristics of study population. 
Cases and controls were closely matched on age, weight, height, BMI, fat mass 
and lean mass. 
Table 9-2 details the consumption frequency of all drinks for cases and 
controls. Milk consumption was high with over 80% of subjects drinking milk 6 
or more times per week in the last year, while over 80% of subjects drank cola 
drinks less than twice per week. There were no significant differences in drink 
consumption between fracture cases and controls with the exception of cola drink 
consumption and wrist and forearm fractures where there was a dose response. 
Similar results were observed for the odds of fracture (Table 9-3). When stratified 
by gender, none of the drink types were associated with any type of fracture risk 
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although the estimates for hand fracture risk of both dairy and carbonated drinks 
were significantly different between boys and girls. 
Table 9-4 shows the results for partial correlation between milk and soft 
drinks, physical activity, BMD and MI in wrist and forearm pairs after adjustment 
for gender, age, height, weight and case status. There was no statistically 
significant correlation between cola and dairy drinks whereas carbonated drinks 
were highly correlated with colas drinks. Both carbonated and cola drinks were 
positively correlated with the time spent television, computer and video watching. 
No significant correlation was shown between carbonated and/or cola drinks with 
and bone measures although all were negative trends. Lastly, dairy drink 
consumption was positively correlated with total body BMD and BMAD. 
Table 9-5 shows the adjusted odds ratios for cola consumption and wrist 
and forearm fractures. The association did not change after adjustment for milk 
drinks but became non-significant after individual adjustment for television 
watching or bone mineral density. Further adjustment for degree of trauma or 
sports participation did not alter these results. 
Hand 
Mean (SD) 
Cases 	Controls 
(N=37) 	(N=37) 
Wrist & forearm 
Mean (SD) 
Cases 	Controls 
(N=127) (N=127) 
Upper arm 
Mean (SD) 
Cases 	Controls 
(N=31) 
	
(N=31) 
Study factors 
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Table 9-1: Characteristics of study sample* 
Age (year) 
Weight (kg) 
Height (cm) 
13.1 (2.1) 
54.1 (14.2) 
160.2 (13.9) 
13.4 (2.2) 
55.4 (17.3) 
159.4 (15.3) 
12.0 (2.0) 
45.8 (13.9) 
151.1 (14.0) 
12.1 (2.1) 
47.8 (14.6) 
153.5 (14.7) 
12.6 (2.2) 
51.0 (15.0) 
156.8 (14.2) 
12.8 (2.3) 
52.5 (17.3) 
157.4 (15.2) 
Fat mass (kg) 12.3 (7.0) 14.1 (11.0) 11.6 (7.0) 11.3 (7.0) 12.0 (6.2) 13.2 (8.5) 
Lean mass (kg) 38.2 (10.8) 37.8 (9.9) 31.4 (9.4) 33.4 (9.8) 35.7 (11.1) 35.6 (11.9) 
BMI (kg/m 2) 20.7 (3.1) 21.4 (4.5) 19.7 (3.5) 19.9 (3.4) 20.3 (3.1) 20.7 (4.3) 
* All comparisons P>0.05 
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Table 9-2: Frequency of different types of drink intake in cases and controls: 
Upper limb 
Study factors 
Hand 
Number (%) 
Wrist & forearm Upper arm 
Cases Controls Cases Controls Cases Controls Cases Controls 
Dairy drinks / week 
None 	 3(2%) 4(2%) 0(0%) 2(4%) 2(2%) 2(2%) 1 (3%) 0(0%) 
1-2 11(6%) 12(6%) 1 (3%) 2(4%) 9(7%) 6(4%) 1 (3%) 4(12%) 
3-5 	 25(13%) 24 (11%) . 2(5%) 4 (8%) 18 (14%) 18 (13%) 5(16%) 2(6%) 
6-7 24(12%) 24 (11%) 7(19%) 7(15%) 17(13%) 14 (10%) 0(0%) 3(9%) 
>7 	 132(68%) 153 (71%) 27(73%) 33 (69%) 81(64%) 96(71%) 24 (77%) 24 (73%) 	. 
Test for trend 	 0.60 0.23 0.11 0.82 
Cola drinks / week 
None 	 81(42%) 100 (46%) 16(43%) 22(46%) 52(41%) 66 (49%) 13(42%) 12(36%) 
1-2 80(41%) 90(42%) 14 (38%) 20(42%) 50(39%) 54 (40%) 16(52%) 16(49%) 
3-5 	 26(13%) 19(9%) 5(14%) 5(10%) 19 (15%) 13 (10%) 2(7%) 1 (3%) 
6-7 3(2%) 3(1%) 1 (3%) 1 (2%) 2(2%) 2(2%) 0(0%) 0(0%) 
>7 	 5(3%) 5(2%) 1 (3%) 0(0%) 4 (3%) 1(1%) 0(0%) 4 (12%) 
Test for trend 	 0.19 0.33 0.04 0.15 
Carbonated drinks / week 
None 	 36(19%) 39(18%) 10(27%) 9(19%) 20 (15.7%) 23 (16.9%) 6 (19.4%) 7(21%) 
1 -2 86(44%) 103 (48%) 15 (41%) 19(40%) 57(44.9%) 67 (49.3%) 14 (45.2%) 17 (52%) 
3-5 	 47 (24%) 53 (24%) 6(16%) 14 (29%) 34 (26.8%) 34 (25.0%) 7 (22.6%) 5(15%) 
6-7 13(7%) 8(4%) 2(5%) 4(8%) 8(6.3%) 4(2.9%) 3(9.7%) 0(0%) 
>7 	 13(7%) 14(7%) 4(11%) 2(4%) 8(6.3%) 8(5.9%) 1 (3.2%) 4(12%) 
Test for trend 	 0.32 0.65 0.32 1.00 
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Table 9-3: Crude Odds Ratios for soft drink consumption in different types of upper limb 
fractures: 
Study factors 
Crude odds ratios (95% Cl): per unit increase 
Hand (pairs=37) 	Wrist & forearm 	Upper arm (pairs=31) 
(pairs=126) 
Dairy drinks / week 
Continuous variable 	1.36 (0.83, 2.23) 0.79 (0.59, 1.06) 1.05 (0.68, 1.63) 
Categorical variable# 	1.43 (0.54, 3.78) 0.66 (0.37, 1.17) 1.33 (0.46, 3.84) 
Boys 	 1.10 (0.60, 2.02) 0.80 (0.54, 1.18) 1.00 (0.51, 1.96) 
Girls 	 2.61 (0.46, 14.94) 0.78 (0.51, 1.20) 1.09 (0.61, 1.96) 
Gender interaction 0.04 0.48 0.90 
Cola drinks / week 
Whole group 	1.41 (0.71, 2.82) 1.39 (1.01, 1.91) * 0.65 (0.36, 1.17) 
Boys 	 2.25 (0.87, 5.83) 1.27 (0.85, 1.89) 0.66 (0.33, 1.35) 
Girls 	 0.20 (0.02, 1.71) 1.61 (0.94, 2.76) 0.61 (0.21, 1.79) 
Gender interaction 0.36 0.94 0.85 
Carbonated drinks / week 
Whole group 	1.11 (0.71, 1.74) 1.14 (0.89, 1.46) 1.00 (0.63, 1.58) 
Boys 	 1.54 (0.86, 2.77) 1.23 (0.89, 1.71) 1.13 (0.65, 1.97) 
Girls 	 0.22 (0.04, 1.40) 1.00 (0.68, 1.48) 0.76 (0.33, 1.80) 
Gender interaction 0.05 0.42 0.46 
#: <7/ week vs >7/ week 
*p<005 
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Table 9-4: Partial Correlation between drink types, physical activity, bone mineral density, 
metacarpal index in wrist and forearm pairs: 
Correlation Coefficients controlling for age, weight, height, 
Carbonated drinks 
Carbonated drinks 
gender and case status 
Cola drinks Dairy drinks 
Colas dinks 0.64 " - 
Dairy drinks 0.05 0.02 - 
Strenuous PA -0.02 -0.05 0.10 
Light PA 0.06 0.05 0.11 
TV watching 0.20 " 0.20 " -0.01 
Competitive sports 0.02 -0.08 0.05 
Total body BMD -0.03 -0.09 0.15 * 
Lumbar spine BMD -0.01 -0.09 0.12 
Femur neck BMD -0.03 -0.07 0.01 
Total body BMAD -0.03 -0.06 0.19 ** 
Lumbar spine BMAD 0.01 -0.05 0.12 
Femur neck BMAD 0.02 -0.07 0.06 
Metacarpal index -0.02 0.00 0.04 
*p< 0.05; "p <0.01 
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Table 9-5: Adjusted odds ratios for cola drink consumption and wrist and forearm fracture 
risk 
Odds ratios (95% CI): per unit increase 
Times of drinking cola / week 
Crude odds ratio 1.39 (1.01, 1.91) * 
Step It 1.43 (1.03, 1.97) * 
Step 2 1.33 (0.96, 1.83) 
Step 3 1.32 (0.96, 1.82) 
Step 4 1.31 (0.94, 1.83) 
t step 1: adjusted for milk intake; step 2: television, computer and video watching only; step 3: 
bone density only; step 4: all factors including milk intake, television, computer and video watching, 
lumbar spine bone apparent mineral density and metacarpal index 
*p < 0.05 
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9.4 	Discussion 
This population based case-control study confirms previous results 
indicating there is a deleterious association between cola beverages and fracture 
risk. In the current study, this association was limited to wrist and forearm fracture 
risk only. Cola drinks were also associated with the time spent television, 
computer and video watching but not bone density or milk intake. Indeed, 
adjustment for the former two factors led to non-significant associations between 
cola intake and fracture suggesting an effect that is mediated by television 
computer and video watching and bone density. 
The health effect of cola drinks is of research and public health interest 
due to the gradually increasing trend of consumption in children. (4,5)  In our 
sample, less than 5% of the subjects drank cola on most days, which is 
encouraging. Even so, our study still showed a linear dose response association 
between cola consumption and wrist and forearm fracture risk. This is consistent 
with previous studies (7-9) but of lower magnitude, especially compared to that 
observed in active girls. (8) Of relevance, there was no gender difference in the 
strength of association in this sample. While previous studies have assessed the 
association between beverage intake and bone mass or fracture separately, none 
have assessed both in the same study. This is important as it can shed light on 
mechanisms of association. In our population, cola drink consumption was not 
associated with physical activity level, but correlated with the time spent 
television, computer and video watching, which we have identified as an 
independent risk factor for wrist and forearm fractures in this sample. (15) The 
association between cola drinks and fracture risk became non-significant after 
adjustment for television, computer and video watching suggesting this effect is 
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partially mediated through the effect of television watching. It is most likely that 
television, computer and video watching increases both fracture risk and cola 
intake as this factor remains significantly associated with fracture after adjusting 
for cola intake. In addition, consistently negative correlations were observed 
between cola drinks and the bone measures, however none were statistically 
significant. Further adjustment for bone mass also led to non-significant 
associations between cola intake and wrist and forearm fracture. These 
observations suggest a small effect on bone which is consistent with the weak 
associations recently reported in Northern Ireland children. (7) 
A protective effect of milk consumption on fracture risk was not observed 
in this study. A hospital based case-control study in New Zealand reported similar 
results to ours suggesting that dairy intake is not associated with distal forearm 
fractures. (16) However, in our sample, over 80% of cases and controls drank milk 
almost every day. When combined with the nature of our questionnaire, we cannot 
exclude possible ceiling effects, thus, there may be an association with fracture at 
higher intakes. However, milk drinks were positively associated with bone mass at 
the total body only in the dose range we studied which suggests a dose response 
relationship with bone at lower intakes. Lastly, while there was an association 
between milk intake and bone mass, milk intake was not associated with cola 
intake and adjustment for milk intake did not alter the association between cola 
intake and fracture indicating the mechanism is not through total milk replacement 
but may still be relative at higher intakes. 
This study has a number of potential limitations as outlined in previous 
chapters. In addition, there are also potential limitations on the assessment of 
dairy and soft drink consumption in this study. The specific questionnaire we 
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utilized has not been validated in our population although it was based on a face to 
face interviewer administered questionnaire with assistance from a 
parent/guardian, which is the best method of indirect dietary assessment in 
children. (12) It is not possible to comment on other sources of calcium intake and 
total energy intake. However, our questionnaire has face validity and predictive 
validity for both bone mass and fracture which we did not observe in 8 year old 
children given a more extensive food frequency questionnaire. (17) The 
measurement error that results from this questionnaire is likely to weaken 
associations suggesting real associations may be stronger than what we report. 
Lastly, there was not consistency of association by fracture type. This may be 
biological as we have also described this for bone density and wrist and forearm 
fracture (7). Alternatively, it may reflect sample size considerations for the other 
fracture types or, possibly, a spurious result due to multiple comparisons. 
In conclusion, cola but not milk and total carbonated beverage 
consumption is associated with increased wrist and forearm fracture risk in 
children suggesting consumption of cola drinks should be limited in children. 
However, this association is not independent of other factors and appears to be 
mediated by both low bone density and increased television computer and video 
watching but not decreased milk intake. 
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Chapter 10 
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10.1 Summary 
The results from Chapter 5 to Chapter 9 showed wrist and fore= fracture 
risk was associated with DXA bone mass measures at most sites, metacarpal 
index, time spent television, computer and video viewing (TV), light physical 
activity, cola consumption and walking backwards score. Hand fracture was 
associated with skeletal age deviation, high-risk sport participation and total risk 
taking. Upper arm fracture was associated with sports and light physical activity 
in boys only. 
Table 10-1 present the results of multivariate analysis, which indicated 
wrist and forearm fracture risk was independently associated with lumbar spine 
BMAD (OR: 1.49/SD reduction, 95% CI 1.16-1.92), MI (OR: 1.54/SD reduction, 
95% CI 1.16-2.00), television watching (OR: 1.63/category, 95% CI 1.16-2.29) 
and walking backwards (OR: 1.19/unit, 95% CI 1.04-1.36), and hand fracture risk 
was independently associated with skeletal age deviation (OR: 1.45/year 
reduction, 95% CI 1.05-1.96) and high risk sport participation (OR: 1.42/sport 
reduction, 95% CI 1.07-1.89). Upper arm fracture risk was only significantly 
associated with light physical activity and contact sport participation in boys but 
conclusions may be limited by sample size considerations. 
There was also a gender discordant effect of sports participation with an 
increased fracture risk in boys and decreased fracture risk in girls which reached 
statistical significance for total, contact, non-contact and high-risk sports 
participation as well as four individual sports (soccer, cricket, surfing and 
swimming). 
In conclusion, both bone dependent and independent factors are important 
determinants of upper limb fracture risk in children. There is heterogeneity of 
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cause for both gender and different fracture sites which will necessitate different 
approaches to prevention. 
10.2 Clinical significance 
Although the fracture consequence in children is not so severe as 
osteoporotic fractures, the high incidence combined with its possible influence on 
the development of peak bone mass and adverse consequences make the 
identification of risk factors and corresponding fracture prevention necessary. 
The findings in Chapter 5 showed both DXA and metacarpal measures 
were significantly associated with wrist and forearm fractures not other upper 
limb sites. Interestingly, both remained significant predictors of fracture if forced 
into a model containing both measures indicating that a combination of DXA and 
metacarpal measures improves wrist and forearm fracture prediction in children, 
and also implying both trabecular and cortical bone mass play an important role in 
aetiology of fracture in children. 
In Chapter 6, the results showed that skeletal age deviation is associated 
with bone mass and fracture risk. It remained an independent predictor for hand 
fracture after adjustment for other bone measures suggesting skeletal age 
deviation can be as an alternative simple measurement in clinics because it gives 
both useful and additional information regarding bone health and fracture risk in 
children. 
The results from Chapter 7 adds additional information on bone 
independent factors suggesting an assessment of the impact of physical activity on 
the risk of upper limb fractures in children needs to consider types and patterns of 
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physical activity as well as the effect of gender. This information will be useful 
for the design of physical activity promotion strategies in children. 
The findings from Chapter 8 and 9 also add additional information in 
proving the prediction of fracture risks. 
Table 10-2 shows the results for the comparisons of AUC (the area under 
receiver operating characteristic curve) between three functions. (the detailed 
method refers to Chapter 5.2) The AUC improved to 67% from Model 1 to 
Model 3, which included all of the independent risk factors being identified in this 
study. 
This study has confirmed some previous associations and also identified 
new fracture risk factors in children. The results are of substantial interest to the 
researchers and clinicians as they increase our insights into fracture etiology in 
children. 
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Table 10-1: Multivariate analysis for each type of upper limb fractures: 
Hand fractures 
Adjusted Odds Ratios [95% Cl] 
SA_D 1.45/year reduction 	[1.05, 1.96] 
High-risk sport participation (boys) 1.5/sport [1.10, 2.00] 
Wrist and forearm fractures 
Lumbar spine BMAD (LS BMAD) 1.49/SD reduction [1.16, 1.92] 
MI T 1.54/SD reduction [1.16, 2.00] 
TV 1.63/category [1.16, 2.29] 
Walking backwards 1.19/unit [1.04, 1.36] 
High-risk sport participation (girl) 0.5/ sport [0.30, 0.90] 
Upper arm fractures (boys) 
Light PA 0.20/category [0.1, 0.9] 
Contact sport participation 29.8/sport [1.7, 535.1] 
If: Skeletal age deviation 
T: Metacarpal index 
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Table 10-2: Comparisons of AUC (area under curve) for wrist and forearm fractures: 
Model 1 
AUC [95% Cl] 
LS BMAD ¶ 0.60 [0.55, 0.66] 
Model 2 
LS BMAD + MIt 0.64 [0.59, 0.70] 
Model 3 
All of the independent factors * 0.67 [0.61, 0.72] 
11: Lumbar spine bone mineral apparent density 
t: Metacarpal index 
*: All of the factors shown in Table 10-1 for all groups (LS BMAD; MI; TV; Walking backwards) 
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10.3 Further directions 
In general, further longitudinal study is necessary to confirm the findings 
from this case-control study. However, there may be problems with this approach 
particularly if there is a long delay between exposure measurement and fractures. 
This is due to the rapid disassociation associated with growth, e.g. bone density 
measured close to the fracture may be more strongly associated than it measured 
2-3 years prior. This will apply to many of the risk factors. 
Besides this, the other possible directions are as follows: 
1) Better methods of assessing the bone mass in children including the 
measurement of mineral density and micro-structure of cortical bone 
and trabecular bone at different sites using new modalities 
2) Investigation of the determinants of skeletal age deviation 
3) Interventions to improve coordination and limit risk-taking behaviour 
4) Better understanding of risk taking behaviour and the role of other 
dietary factors 
Appendices 	 188 
Appendices 
Appendices 	 189 
Appendix I 
CHARTS FOR TANNER STAGE 
Stages of breast development in girls 
Note. Stage I: Breasts are preadolescent There is elevation of the papilla only. 
Stage II: Breast bud stage. A small mound is formed by the elevation of the 
breast and papilla. The areolar diameter enlarges. Stage III: There is further 
enlargement of breasts and areola with no separation of their contours. Stage IV: 
There is a projection of the areola and papilla to form a secondary mound above 
the level of the breast. Stage V: The breasts resemble those of a mature female. 
(Reprinted from Tanner, 1962) 
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Stages of pubic hair development in girls 
Note. Stage I (not shown): There is no pubic hair. Stage II: There is sparse 
growth of long slightly pigmented hair, primarily along the labia. Stage III: The 
hair is darker, coarser, and more curled than Stage 1 and spreads sparely over the 
junction of the pubes. Stage IV: The hair resembles adult quality, but covers a 
smaller area than in the adult. Stage V: The hair is adult in quantity and quality. 
(Reprinted from Tanner, 1962) 
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Stages of genitalia development in boys 
Note. Stage I: The penis, testes, and scrotum are childhood size. Stage II: The 
scrotum and testes are enlarged, but the penis is not .. The scrotum skin reddens in 
color. Stage III: There is further growth of the testes and scrotum, and the penis 
has begun to enlarge (mainly in length). Stage IV: There is further growth of the 
testes and scrotum and increased size (especially breadth) of the penis. Stage V: 
The genitalia are adult in size and shape. (Reprinted from Tanner, 1962) 
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Stages of pubic hair development in boys 
Note. Stage I (not shown): There is no public hair. Stage II: There is sparse 
growth of long, slightly pigmented, straight (or slightly curled) hair, primarily at 
the base of the penis. Stage HI: The hair is darker, coarser, and more curled. The 
hair spreads sparsely over the junction of the pubes. Stage IV: The hair is adult in 
type, but covers a smaller area than in the adult. Stage V: The hair is adult in 
quantity and quality. (Reprinted from Tanner, 1962). 
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Appendix II 
PHYSICAL ACTIVITY QUESTIONNAIRE 
A.On how many days during the past 14 days have you spent at least 20 minutes 
doing strenuous exercise? E.g. bicycling, brisk walking, jogging, aerobics etc. 
that was severe enough to raise your pulse rate, cause you to breathe faster. 
1) None 
2) 1-2 days 
3) 3-4 days 
4) 5-8 days 
5) 9 or more days 
B. How many of the past 14 days have you done at least 20 minutes of light 
exercise that was not hard enough to make you breathe heavily and make your 
heart beat fast? (Light exercise includes walking, slow bicycling.) 
1) None 
2) 1-2 days 
3) 3-4 days 
4) 5-8 days 
5) 9 or more days 
C. During a normal week, how many hours a day do you spend watching TV or 
videos / playing computer video games? 
1) None 
2) 1 hr or less 
3) 2-3 hrs 
4) 4-5 hrs 
5) 6 hrs or more 
p. During the past 12 months, how many team or individual sports or activities 
did you participate in at a competitive level (including sports day or swimming 
meets or other out-of-school sports competitions?) 
1) None 
2)1 activity 
3)2 activities 
4) 3 activities 
5) 4 activities or more 
What activities did you compete in? 
	
1) 	 2) 	  3) 	  
4) 5) 6)  
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E. Please tick off all the sports or physical activities which you participated in 
more than 10 times during the last 12 months. Please include team sports. 
1 Jogging or running 	 D 22 Squash or racquet ball 	 0 
2 Athletics 	  0 23 Badminton 	  0 
3 Baseball  0 24 Indoor Hockey... 	 
4 Softball 	  0 25 Field Hockey.  	 D 
5 Golf  0 26 Skateboarding 	  0 
6 Indoor cricket 	 0 27 Roller blading  	 0 
7 Outdoor cricket  0 28 Martial Arts 	  0 
8 Tenpin bowling 	 0 29 Rowing 	  0 
9 Bike riding 	  0 30 Kayaking  	 0 
10 Dancing  0 31 Sailing  0 
11 Touch Football 	 0 32 Aerobics 	  0 
12 Australian rules football.... 0 33 Gymnastics  	 0 
13 Indoor soccer 	 0 34 Swimming laps  0 
14 Outdoor soccer  0 35 Water sports, e.g water polo.. 0 
15 Rugby 	  D 36 Gym work- weight training... 0 
16 Bushwalking 	  0 37 Surfing- body boarding 	 0 
17 Power walking  0 38 Surf life saving 	 0 
18 Netball 	  0 39 Horse riding.  CI 
19 Volleyball  0 40 Snow sports, e.g skiing 	 0 
20 Basketball 	  D 41 Walking 	  0 
21 Tennis  0 42 Other—please state: 
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Appendix III 
RISK TAKING BEHAVIOUR 
Answer questions 1 to 3 regarding activities in which you think you would like to 
participate or actually participate. 
1. Skateboarding? 	 Would never try 	0 1 
Would like to try 	02 
Have tried 03 
Sometimes do 	04 
Often do 	05 
2. Cycle fast down a hill? 	 Would never try. 	Di 
Would like to try 	02 
Have tried 	• 03 
Sometimes do 	04 
Often do 	05 
3. I would ride a motorcycle 	Alone 	  O i 
Only with friends or someone I know... 	 02 
Never 	  03 
Have you ever.... 
1. Have you ever climbed to the top of a high tree? 
Several times 	0 1 
Once or twice 	02 
Never 	03 
2. Have you ever done something risky or dangerous on a dare? 
Several times 	0 1 
Once or twice 	02 
Never 	03 
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Appendix IV 
SOFT, MILK DRINK CONSUMPTION QUESTIONNAIRE 
How many carbonated drinks do you consume on average per week? 
O None 
O 1-2 per week 
O 3-5 per week 
O 6-7 per week 
O More than 7 per week 
How many of these drinks are Cola? 
O None 
O 1-2 per week 
O 3-5 per week 
O 6-7 per week 
D More than 7 per week 
How many glasses of milk do you drink on average per week? 
D None 
O 1-2 per week 
O 3-5 per week 
O 6-7 per week 
O More than 7 per week 
Appendix V has been 
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